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SUMMARY 
The Upper Yilgarn Catchment examined in this report is that part of the Yilgarn catchment 
(5.66 million ha) that is cleared for agriculture and drains to the Yilgarn River in the 
south-western corner of the Nungarin Shire.  This study area covers 1.54 million hectares of 
the central eastern wheatbelt.  The climate is Mediterranean with cool wet winters and hot 
dry summers and has an annual rainfall range from 285-335 mm. 
The dominant agricultural systems are broadacre with winter cropping and livestock 
production the main industries.  Crops grown include wheat, barley, lupins, oats and canola, 
and the main livestock focus is mixed production sheep for wool and meat.  Crop rotations 
and production mix vary between farms depending on soil types, capital structure and 
expertise in the business. 
Soils and landscapes are variable, with shallow loamy duplexes, sandy earths and ironstone 
gravely soils covering 56 per cent of the study area.  The most important soil degradation 
issues identified are soil structure decline and acidification.  Other hazards include 
compaction, erosion and water repellence.
‘Salinity’ extent and risk has been interpreted from satellite imagery by the Land Monitor 
Project.  In this study area salinity currently affects 1.8 per cent of the catchment (28,287 ha) 
mapped in this way.  About 27 per cent of the study area is potentially at risk from rising 
groundwater.
Waterlogging, seepage and rising watertables are present within the study area.  Surface 
water landscapes are defined for the study area and provided the basis for assessing risks 
and management options for surface water.  Groundwater pumping, drainage and other 
engineering options are also outlined.  All these engineering options often work most 
effectively when they are part of an integrated surface water management plan. 
The study area has a relatively significant proportion of remnant vegetation, approximately 
320 499 ha (21 per cent).  Maintaining, enhancing and expanding remnant vegetation would 
deliver biodiversity, landscape and farming systems benefits. 
In 1999, the study area contributed over $175 million to the gross value of farm production in 
the Central Agricultural Region.  Cropping contributed 82 per cent of this production figure. 
A range of options for reducing the identified land degradation risks are discussed.  Factors 
such as soil type, landscape position, slope, rainfall, enterprise mix and financial structure 
will influence the most suitable approach used by each farm business. 
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1. INTRODUCTION 
Soil degradation on farmland reduces agricultural production and will often lead to damage to 
natural resources such as remnant vegetation and waterways, as well as to infrastructure, 
including roads and townsites. 
This report provides current information on the land degradation status for this area by 
outlining:
? condition of the soils, hydrology, natural vegetation, farming systems and agricultural 
production;
? risks to natural resources and future agricultural production; and 
? options for managing the range of degradation risks, including identification of those 
most suitable and their likely impact on the resource base. 
Consequently, this report has been divided into three main sections:  the agricultural 
resource base, catchment risks, management options and impacts. It is important to cross-
reference between chapters to gain an understanding of how different risks and management 
options affect the agricultural resource base. 
Land managers are also urged to use this report as a starting point and to gather further 
information and support from the other sources listed. 
Preparation of this report was conducted by Department of Agriculture officers based in the 
Central Agricultural Region during 2002-2003.  The Central Agricultural Region RCA team 
consisted of: 
 Keith Ohlsen (Team Leader, Merredin)  
 Paul Galloway (Soils Research Officer, Narrogin) 
 Rosemary Nott (Hydrologist, Merredin) 
 Sharam Sharafi (Hydrologist, Merredin) 
 Ben Toric (Development Officer, Merredin) 
 Ian Wardell-Johnson  (Land Conservation Officer, Narrogin) 
 Susie Murphy White (Development Officer, Merredin) 
Funding assistance for this work was received from a joint Avon Catchment 
Council/Department of Agriculture, Natural Heritage Trust partnership project. 
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2. AGRICULTURAL RESOURCE BASE 
2.1 Catchment description 
The Study area (1.54 million ha) covered by this report makes up the eastern part of the 
Yilgarn catchment (5.66 million ha) that was cleared for agricultural purposes.  It includes two 
large sub-catchments in the east that drain out of the agricultural area through the pastoral 
zone and then back into the catchment.  There are also several small internally drained 
sub-catchments in the south eastern corner of the catchment (Figure 2.1). 
Figure 2.1. Upper Yilgarn study area location. 
Any information and discussion presented in this report relates only to the study area. 
The study area includes the majority of the Mukinbudin, Nungarin and Westonia shires 
(Table 2.1).  It also incorporates most of the agricultural area of Yilgarn shire and parts of the 
Merredin, Mt Marshall and Trayning shires.  Major towns within the study area are Southern 
Cross, Westonia, Mukinbudin and Nungarin. 
Large salt lake chains form much of the drainage in the catchment.  These chains include 
Lake Julia and Lake Deborah in the Yilgarn through Lake Campion, Lake Brown down to 
Burran Rock at the bottom of the study area. 
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The Yilgarn River ultimately joins with the Salt River at the Caroline Gap and then drains to 
the Yenyening Lakes and the Avon River. 
Table 2.1. Summary of Shire statistics in the study area 
Shire Total area of Shire (ha)
Extent of Shire in 
study area (ha) 
Proportion of Shire in 
area (%) 
Merredin 329,244 98,980 30 
Mt Marshall 1,017,968 31,619 3 
Mukinbudin 342,831 256,520 75 
Nungarin 116,284 99,392 85 
Trayning 164,998 3,808 2 
Westonia 331,799 304,390 92 
Yilgarn 3,044,258 741,203 24 
Total 5,347,382 1,535,912 29% 
2.2 Climate 
Ben Toric 
The study area has a Mediterranean climate with strong elements of semi-arid climate in the 
north-east of the study area.  Summers are warm to hot and winters are mild although light 
frosts are experienced at night.  Rainfall is concentrated in winter and is associated with the 
passage of cold fronts.  However, significant irregular and unreliable rainfall may occur in 
summer often resulting from decaying tropical cyclones in the north of the State.  Annual 
rainfall declines in a north-easterly direction.  
Moisture deficit over summer limits the growing season for traditional, annual agriculture 
systems, to wetter months (Figure 2.2).  On average, about 65 per cent of annual rainfall falls 
during the growing season (May to October) (Figure 2.3). 
Figure 2.2. Monthly rainfall and evaporation in Westonia from 1957-2002. 
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Figure 2.3. Annual rainfall patterns in Westonia from 1957 to 2002. 
2.2.1 Climate and weather hazards 
Summer thunderstorms are erratic and unreliable but can result in very intense rainfall in 
some years (Figure 2.4), such as the rains of January 2000.  These storms resulted in major 
run off, flooding, erosion and recharge.  Occasionally, high moisture loads and frequent 
atmospheric instability produce conditions which lead to heavy falls of hail (Gentilli 1971).  
Resultant damage to crops can be serious and widespread.  
Figure 2.4. Seasonal variability of monthly rainfall in Westonia.  (The bars represent the monthly average 
range  -  20th to 80th percentile  -  for monthly rainfall and the lines represent the lowest and 
highest temperatures on record for that month.) 
Yearly total rainfall for Westonia 
0
100
200
300
400
500
600
700
19
57
19
59
19
61
19
63
19
65
19
67
19
69
19
71
19
73
19
75
19
77
19
79
19
81
19
83
19
85
19
87
19
89
19
91
19
93
19
95
19
97
19
99
20
01
R
ai
nf
al
l (
m
m
)
Out of season rainfall
Grow ing Season
Average Yearly Rainfall
Grow ing Season
UPPER YILGARN CATCHMENT APPRAISAL 
5
Strong winds are often generated as fronts approach, providing the potential for wind erosion 
particularly in late autumn and early spring, when ground cover is at its lowest.  The 
extremes of wind erosion were experienced in the summer of 2002/03 following one of the 
biggest droughts on record in 2002. 
Frost is most likely to occur in winter after fronts have passed and a new high-pressure 
system establishes itself (Figure 2.5).  The combination of events from the preceding cool 
days and cold southerly air flow followed by clear skies and low or light winds can cause the 
land surface cool rapidly.  Cold air flows to the lowest points in the landscape, with the 
potential to cause damaging frost events.  The level of crop damage, due to frost, is related 
to the minimum temperature reached, the period over which the frost persists and the 
sensitivity of the crops affected.  The most damaging frosts are often those that occur in mid 
to late spring around the time that crops are flowering. 
Figure 2.5. Monthly temperature ranges for Westonia.  (The bars represent the monthly average range for 
daily temperatures and the lines represent the lowest and highest temperatures on record for 
that month.) 
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2.3 Farming systems 
Keith Ohlsen 
2.3.1 Current farming systems 
Cropping is the largest industry by land area and farming systems are dominated by annual 
crop/pasture rotations and to a lesser extent continuous cropping rotations.  Crops grown 
include cereals, hay crops, pulses, oil seed and other produce.  The breakdown of the Gross 
Value of Production (GVP) is shown in Figure 2.6. 
Figure 2.6. Enterprise distribution as percentage of Gross Value of Production*.
* Based on average figures from 1983 to 1999, for the shires of Yilgarn, Westonia, Nungarin and Mukinbudin.
Average GVP for shires was estimated at $175 million in 1999 (Burt, unpublished report).  
Given that crops currently contribute an estimated 82 per cent of this production, any 
sustainable improvements to cropping systems should increase total farm profitability.  This 
in turn may facilitate investment in other sustainable management practices. 
Analysis of farming and farm businesses in the Central Agricultural Region has shown that 
over the last two decades the outstanding trends are (Burt pers. comm.): 
? decrease in farm numbers; 
? emergence of pulse and oil seed crops; 
? long-term increase in livestock product value; and 
? long-term increase in livestock sale value, specifically pigs and sheep. 
BankWest Benchmarks 2000/2001 for the north-eastern wheatbelt area indicate that the 
main constraint to profit for farms in was the operating cost to farm income percentage.  
Indications are that managers that are more astute at keeping the ratio of costs to income 
down are making more profit.  While all farmers have access to the same technology, crop 
varieties, stock lines, the ability to return profit or loss is dependant on making sound 
management decisions on their use (Burt, unpublished report). 
In recent years, growing season conditions have had a serious impact on crop production.  
Such a drop in production could result in reduced land values and a flow on to reduced 
equity levels. 
GVP by Category
Crops
82%
Animal products
13%
Livestock
5%
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2.4 Geology and geomorphology 
Rosemary Nott and Paul Galloway 
The study area straddles the centre of the Yilgarn Craton (Gee 1986; Blight et al. 1984; Chin 
1986; Chin and Smith 1981) a granite body extending from the Darling Scarp to the 
Goldfields.  The major basement rock is adamellite of Archaean age (2.5 billion years), which 
outcrops in places across the study area examples include Mt Hampton, Elachbutting Rock 
and Sandford Rocks.  Rock scree and highly weathered soil surrounds these outcrops 
creating a high recharge zone. 
The Southern Cross Greenstone belt, a series of Archaean age meta-sedimentary rocks, lies 
along the eastern edge of the study area.  It extends from Cheriton’s Gold Mine east of 
Skeleton Rocks, through Marvel Loch, Southern Cross, Bullfinch and Mt Correll.  Greenstone 
outliers also occur at Westonia and south of Mt Hampton.  East-west intrusions of 
Proterozoic dolerite dykes occur to the west of the Nungarin and Mukinbudin Shire and 
across the Mt Hampton catchment.  
Regolith depth across the study area is variable, but is generally thinner in the north and east 
and thicker throughout the valleys.  Shallower bedrock occurs on the side slopes of 
catchments within the Nungarin Shire. 
Lateritic landscapes dominate study area uplands and their presence influences hydrology, 
soils, vegetation distribution and farming systems.  Their origins are contentious.  Early 
researchers attributed their formation to geo-chemical processes (Campbell 1917; Jutson 
1934; Prescott and Pendleton 1952 and Mulcahy 1967).  However, new studies refute these 
views and link laterite formation to biological interactions (Verboom and Galloway 2000; Pate 
et al. 2001; Verboom and Pate 2002, 2003). 
The study area lies wholly in the Zone of Ancient Drainage where primary salt lake chains 
occupy the lowest parts of valley floors (Mulcahy 1967; Bettenay and Hingston 1961, 1964; 
Grealish and Wagnon 1993 and Frahmand, unpublished data).  These areas have been 
infilled with poorly sorted sand and clay sediment (Davidson 1977).  Valley floor gradients of 
< 0.5 per cent make drainage slow and mostly internal, with salt lake chains only joining and 
flowing in wetter years. 
2.5 Soils 
Paul Galloway 
Soils of the study area are inherently variable, often changing over tens of metres.  They can, 
however, be grouped into Soil Groups (Schoknecht 2002) that are managed similarly during 
broad-acre agriculture.  Such soil groups have been combined into soil supergroups to 
simplify complex soil-landscape information and to create a simplified soil map of the study 
area (see Figure 2.7).  The information used to create this soil map and to define areas and 
percentages of soils and degradation risks is of poor quality and should only be regarded as 
preliminary information. 
Only the parts of the study area that are cleared for agriculture were analysed for 
degradation risks.  Approximately 77,000 hectares of remnant vegetation (5 per cent of the 
total ‘agricultural area of the study area’) is classed as ‘Area without soil mapping’ in the 
statistics below.  This area eliminates discrepancies between the soil-landscape mapping 
and the area classed as agricultural land in this report. 
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2.5.1 General soil distribution 
The eastern margin of the cropping area is dominated by heavy red soils (clays, loams, 
loamy duplexes and loamy earths) that form on Greenstone.  Small outlying patches of 
Greenstone and associated soils occur in the central north of the study area, near Westonia.  
The south is dominated by yellow sandplain on the lateritic hill-slopes and crests.  A 
hardsetting yellow sandplain that is generally more acidic features predominantly in the north 
and the sandplain of the central region has more gravels associated with it.  Rock outcrop 
with variable soils are far more prevailing to the north of the Great Eastern Highway than 
south of it, and regolith generally becomes shallower further north and east.  There is a 
‘tongue’ of rock outcrops with variable soils along the south-west study area divide. 
Soils of the pastoral area within the study area are similar complex associations.  Red-brown 
hardpan soils and various calcareous soils becomes a feature to the east through the 
pastoral area.  These soils and landscapes are not referred to further in this report. 
2.5.2 Main soils 
The main soils comprise of two major soil supergroups and five common soil supergroups 
that together account for 84 per cent of the study area.  The major soil supergroups are: 
? shallow loamy duplexes, which occupy 31 per cent, mostly on valley floors and lower to 
mid-slope positions; and 
? sandy earths, which occupy 17 per cent, on freely drained slopes and crests. 
The five common soil supergroups are ironstone gravels (8 per cent), shallow sandy 
duplexes (7 per cent) and deep sands (6 per cent), deep sandy duplexes (5 per cent) and 
loamy earths (5 per cent).  Table 2.2 describes the abundance and location of these soil 
supergroups and defines typical soil profiles (see Schoknecht 2002, for further details). 
Other less prevalent but still significant soil supergroups are non-cracking clays (4 per cent) 
rocky/stony soils (3 per cent), wet/waterlogged soils (3 per cent) and cracking clays (3 per 
cent).  Four other soil-supergroups occupy small areas of the study area. 
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Figure 2.7. Major soils map. 
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Table 2.2. Major soil supergroups 
Soil supergroup 
abundance in study 
area 
Profile description 
dominant location in study area 
Soil group components 
(% of study area) 
Shallow loamy 
duplexes 
474,000 ha 
31% of study area 
Soils with a loamy surface and a texture contrast 
at 3 to 30 cm. 
Valley floors and lower to mid-slopes. 
Alkaline red shallow loamy duplex 
(16%).
Red shallow loamy duplex (8%). 
Alkaline grey shallow loamy duplex 
(6%).
Yellow/Brown shallow loamy duplex 
(1%).
Acid shallow duplex (< 1%). 
Sandy earths 
261,000 ha 
17% of study area 
Soils with a sandy surface grading to loam by 
80 cm.  May be clayey at depth. 
Freely drained slopes and crests. 
Yellow sandy earth (6%). 
Red sandy earth (6%). 
Acid yellow sandy earth (2%). 
Brown sandy earth (2%). 
Pale sandy earth (2%). 
Ironstone gravely 
soils
128,000 ha 
8% of study area 
Soils that have ironstone gravels as a dominant 
feature of the profile. 
Crests and rises. 
Loamy gravel (5%). 
Shallow gravel (2%). 
Duplex sandy gravel (1%). 
Deep sandy gravel (< 1%). 
Shallow sandy 
duplexes 
104,000 ha 
7% of study area 
Soils with a sandy surface and a texture or 
permeability contrast at 3 to 30 cm. 
Mid-slopes and near rock outcrops. 
Grey shallow sandy duplex (4%). 
Alkaline grey shallow sandy duplex 
(3%).
Red shallow sandy duplex (< 1%). 
Yellow/Brown shallow sandy duplex 
(< 1%). 
Deep sands 
98,000 ha 
6% of study area 
Sands greater than 80 cm deep. 
Depressions in lateritic terrain; associated with 
sandy earths and Ironstone gravels. 
Yellow deep sand (5%). 
Pale deep sand (< 1%). 
Gravely pale deep sand (< 1%). 
Brown deep sand (< 1%). 
Deep sandy duplexes 
73,000 ha 
5% of study area 
Soils with a sandy surface and a texture or 
permeability contrast at 30 to 80 cm. 
Colluvial slopes, around granite outcrops and 
sometimes in valley floors. 
Grey deep sandy duplex (2%). 
Alkaline grey deep sandy 
duplex (2%). 
Red deep sandy duplex (< 1%). 
Yellow-brown deep sandy duplex 
(< 1%). 
Loamy earths 
70,000 ha 
5% of study area 
Soils with a loamy surface and either loamy 
throughout or grading to clay by 80 cm. 
Valley floors and on lower slopes, often to the 
south-east of salt lake chains. 
Calcareous loamy earth (4%). 
Red loamy earth (1%). 
Yellow loamy earth (< 1%). 
Other minor soil-
supergroups 
250,000 ha 
17% of study area 
Non-cracking clays (4%), rocky and stony soils 
(3%), wet or waterlogged soils (3%), cracking 
clays (3%) and four other minor soil-supergroups 
each comprising 2% or less. 
Red-brown non-cracking clay (4%). 
Bare rock (3%). 
Hard cracking clay (3%). 
Salt lake (2%). 
Area without soil 
mapping 
77,000 ha 
5% of study area 
Various unmapped soils (large areas of public 
and private land not cleared for agriculture). 
All landscape positions. 
Various unmapped soils. 
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The soil supergroups described above provide a basis for Land Management Unit mapping.  
More detail about the soil-landscape mapping process, soil groups and Land Management 
Units (LMUs) is provided in Appendix A1. 
2.6 Hydrogeology 
Rosemary Nott 
The hydrogeology of the Study area is influenced by the underlying geology, soil formation 
processes, rainfall patterns and at a superficial level, the vegetation present.  The granite 
geology of the Yilgarn Craton has formed a regolith of medium-grained quartz in pallid clay 
over a coarse poorly weathered saprolite.  Surface layers of the regolith are related to 
landscape position and geomorphology (see Section 2.2). 
In the upper catchment, surface layers are generally in situ sands and or gravels and rock 
scree.  The mid-catchment weathered profile is covered with layers of predominantly colluvial 
sand sediment over clay or loam over clay, while the valleys are covered with layers of 
mainly colluvial sandy clay and aeolian silts and clays.  The valley floor is characterised by a 
chain of salt lakes.  These sit over an ancient, deeply weathered river system (a 
palaeochannel), which has been in filled with sediment (Commander et al. 2001).  The Avon 
palaeochannel (Salama 1997), is thought to extend eastwards, but no deep drilling of the 
Study area system has provided proof of its existence as far east as the Yilgarn Shire.  
However Nott (2001b) noted the presence of palaeochannel sediments near the Narembeen 
townsite in a drainage line parallel to the Upper Yilgarn system. 
The greenstone regolith of the eastern and north-eastern cropping area tends to be red to 
red-brown in the upper profile and dark green or grey above the bedrock.  Greenstone 
saprolite is fine grained due to the predominance of fine grained and easily weathered 
minerals such as mica.  Inspection of several bore logs drilled in the Skeleton Rocks 
catchment (George and Frantom 1990) suggests that the regolith is generally deeper on 
granite than on greenstone. 
2.6.1 Aquifers 
Two groundwater flow systems exist in the Study area:  local systems and intermediate 
systems.  These are described in more detail by Coram (1998).  Local groundwater systems 
may be: 
 (i) shallow seasonal perched aquifers in duplex soils; 
(ii) perched aquifers in deep sandplain. 
In wet years, water ponds on the sub-surface clays of duplex soils causing waterlogging and 
potential crop death.  These aquifers are of low volume and will dry up during summer 
months or may be artificially drained. 
Perched aquifers in sandplain soils are water bodies that sit above dense clay or solid 
silcrete beneath the sand.  Like perched water in duplex soils these aquifers are influenced 
by seasonal conditions.  Sandplain aquifers are common in the Shires of Yilgarn, Westonia 
and Mukinbudin, but less common in the Shire of Nungarin.  Depending on the size of the 
recharge area, sandplain aquifers may dry up in summer months due to low rainfall or if 
pumped extensively.  The quality of water in sandplain aquifers varies from good stock water 
quality to moderately saline.  If water from these aquifers is not used, a discharge seep may 
appear at the base of the sandplain.  Figure 2.8 shows a conceptual cross-section of an 
intermediate unconfined aquifer and perched local aquifer. 
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Figure 2.8. Cross section diagram of an unconfined aquifer. 
An intermediate groundwater system extends over most of the Study area.  It is an 
unconfined system with small semi confining pockets in alluvial creeks and valley floors.   
Aquifer yields are generally low, but may be up to 100 kL/day in the alluvial sediments.  
Groundwater from the Shires of Westonia and Yilgarn is moving slowly downslope to the 
north and then west through the Shire of Nungarin.  Groundwater from the Shire of 
Mukinbudin is moving to the south.  Many catchments to the far eastern portion of the Yilgarn 
Shire have no groundwater or surface water outflow.  In the Skeleton Rocks, Brennands 
sub-catchment groundwater flow was restricted from leaving the catchment by a series of 
dolerite dykes (George and Frantom 1990). 
Depth to groundwater varies across the Study area.  This is predominantly due to 
topographic position, vegetation and soil type.  Geology and land use may have a minor 
effect on watertable depth at a local level.  Climatic factors determine the time trends in the 
water level. 
Water supply exploratory drilling was carried out across the Shires of Mukinbudin, Westonia 
and Yilgarn during the 1969-1970 drought (Davidson 1977).  Areas drilled were 
predominantly granite sands and lateritic sands or gravels.  Lower slope clay soils were 
found to be too salty and or have poor supply.  Of the 286 sites drilled in the Westonia and 
Mukinbudin Shires, only 10 per cent were found to be suitable for development. These were 
predominantly in the Wilgoyne and Datjoin creek systems.  Very little good quality water was 
found in the Yilgarn Shire.  Less than 1 per cent of the drill sites were successful.  The only 
useable water supplies were located in the upper Mt Hampton-Holleton sandplain.  Davidson 
concluded that most rainfall in the Yilgarn Shire travels quickly downslope and does not 
become groundwater.  Thus, key dams were suggested as a more reliable community water 
supply than bores. 
Groundwater quality measured in study area piezometers is generally saline.  All Shire bores 
low in the landscape, intersect very shallow watertables with very saline groundwater quality.  
Groundwater is generally fresher in upper landscape positions.  Brackish to fresh 
groundwater in upper landscape positions is often from a perched aquifer.  Groundwater pH  
xx
x
x
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tends to be acid in the valley floors and neutral to acid on the slopes.  This is more evident in 
the eastern bores.  Some upper catchment groundwater was found to be alkaline in the 
Nungarin and Merredin Shires. 
An obvious gap in groundwater resource data exists in the Eastern Yilgarn Shire along the 
greenstone belt from Bullfinch to Marvel Loch.  Hydrologically this area may be different to 
the rest of the Study area region because of soil type and summer rainfall pattern and the 
lack of internal drainage.  Groundwater data is also absent from the mid to lower Westonia 
Shire.
2.7 Surface water landscapes 
Ian Wardell-Johnson and Paul Galloway 
2.7.1 Surface water landscape units 
A typical landscape in the Study area comprises gently sloping interfluves (slopes, rises and 
crests that separate valleys) that drain to foot slopes which gradually merge to broad flat 
valley floors.  The surface water landscape units that lie within these broader zones are 
areas that display unique run-off generation and flow characteristics, determined by their 
ability to shed or receive surface water.  Shedding landscapes tend to generate surface 
water flows via infiltration excess and/or saturation excess run-off mechanisms whilst 
receiving landscapes accept and store some or all of this water. 
Eight surface water landscape units are described in topographic sequence from highest to 
lowest in the study area.  This order mimics the movement of water through the landscape.  
Potential degradation caused by this water movement is discussed in later sections of the 
report.  The units are geographically defined in the Surface Water Landscape Unit map 
(Figure 2.9) and are summarised in Table 2.3.  Further description and discussion of the 
eight units outlined in the table below please refer to Appendix A4. 
2.7.2 Farm water resources 
Reliable and adequate farm water supplies are essential to maintain a continuous domestic 
and livestock enterprise.  Water supplies must be of sufficient quality and quantity to be 
98 per cent reliable, in order to avoid wasting time and resources (carting water). 
Water for domestic, stock and spraying purposes is typically sourced from natural 
catchments and stored in dams or excavated earth tanks.  Aerial photographs indicate that 
very few roaded catchments are being used to enhance surface water storage.  Many dams 
are located in valley floors that are at risk of becoming saline in the future.  Dams located in 
watercourses and alongside roads can alter surface water dynamics and cause surface 
water problems. 
Surface water run-off has reduced in parts of the study area over recent years because of 
changing tillage practices, including minimum and no tillage.  Additionally, over the last 30 
years annual average rainfall has declined and rainfall patterns have changed with more 
infrequent run-off and lighter rainfall being common. 
There is the potential for better harvesting of surface water, which could benefit farming 
enterprises by providing more on-farm water storage, and also benefit the study area by 
reducing the amount of run-on in the lower landscape.  In particular, large detention  
UPPER YILGARN CATCHMENT APPRAISAL 
14
Figure 2.9. Surface water landscape map. 
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Table 2.3. Description of surface water landscape units 
Name of unit Description of surface water characteristics Landscape description Slope class
Area of 
study area 
(ha)
% of study 
area 
1. Recharge areas Recharge mostly with run-off in extreme events and where 
management exacerbates run-off (e.g. hard setting surfaces and 
non-wetting soils). 
Sandplain crests and upper 
slopes. 
0.0-1.0% 142,000 9% 
2. Rock out crops 
and steep slopes 
High run-off, water-shedding areas. 
Shedding areas with water migrating to recharge areas. 
Rock outcrop. 
Scattered rocky areas and 
duplex soils. 
> 6% 9,000 < 1.0% 
3. Shedding crests Shedding areas. Clayey and loamy soils on 
crests and upper slopes with 
Salmon gum. 
0.0-1.0% 348,000 23% 
4. ‘Moderate’ slopes High run-off, water-shedding slopes with depressions that 
concentrate flowing water to valley floors. 
Duplex slopes and yellow 
loamy earths. 
2.0-6.0% 36,000 2% 
Episodic recharge with only limited surface water flow-on and 
shedding areas.  
Sheet flow and channelled flow to valley floors is mostly generated 
in larger rainfall events. 
Gentle slopes with yellow 
sandy earth and minor sandy 
duplex soils. 
1.0-2.0% 243,000 16 5. Gentle mid-slopes 
Surface water flow-on and shedding areas, with both sheet flow 
and channelled flow to valley floors. 
Gentle slopes with loamy 
duplex and minor sandy 
duplex soils. 
1.0-2.0% 265,000 17% 
6. Upper valley floor, 
lower slopes and 
tributaries 
Flow-on via sheet flow and channelled flow from large areas 
upslope and flow through to valley floor.  Isolated waterlogging due 
to low slopes and upslope accumulation of water. 
Very gentle long slopes 
merging to valley floor (foot 
slopes) - loamy duplex soils 
with salmon gum. 
0.5-1.0% 132,000 9% 
7. Broad valley floor 
and tributaries 
Water accumulating areas causing waterlogging and flooding. 
Flow-on areas in large flood events. 
Flat valley with mostly clay 
soils vegetated by salmon 
gum and gimlet. 
0.0-0.5% 329,000 21% 
8. Salt lakes 
 Clay pans 
 Saline land 
‘Normal’ water detention and discharge area. Lowest part of flat valley 
floors.
Primary and secondary 
salinity. 
0.0-0.0% 31,000 2% 
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structures on shedding slopes would help reduce excess water on lower slopes and valley 
floors.  They would also take longer to empty than standard farm dams and could provide a 
good water source in drought years. 
2.7.3 Infrastructure affecting surface water management in the 
catchment
Hundreds of kilometres of roads traverse the study area.  These roads are well compacted, 
most are over 10 metres wide and may provide a source of run-off water in the upper 
catchment.  Road networks can however also create drainage problems and insufficient 
culverts under roads can restrict surface water flows, which can contribute to waterlogging, 
inundation and salinisation.  Other obstructions that are greater than 3 cm high have the 
capacity to hinder flow. 
Townsite infrastructure such as roads and buildings are often sources of run-off.  Such 
run-off should be appropriately managed to minimise run-off, erosion and water accumulation 
on the lower slopes, which may contribute to salinity. 
2.8 Remnant vegetation 
Ben Toric 
Clearing for agriculture has lead to the loss of nearly 79 per cent of native vegetation.  
Currently, remnant vegetation covers an area of approximately 320 499 ha which represents 
about 21 per cent of the study area (Table 2.4, Figure 2.10).  This figure is similar to other 
parts of the eastern wheatbelt and higher than areas in the central wheatbelt, which typically 
have less than 10 per cent remnant vegetation.  The greatest area of remnant vegetation 
occurs within the woodland region east of the Rabbit Proof Fence. 
Clearing of native vegetation for agriculture started later in the Upper Yilgarn compared to 
most other parts of the south-western Australia.  The building of the railway from Perth to 
Kalgoorlie, in response to expanding gold mining industry, was a major impetus for 
agricultural expansion in the area from the mid-1890s.  In the 1920s, many miners began to 
transfer to farming following better than average rainfall (Beard 1979). 
Medium woodland and shrubland were the two dominant vegetation groups prior to clearing 
(Table 2.4). Nearly 617,741 ha (85 per cent of pre-European extent) of medium woodland 
was cleared to create agricultural land (Table 2.4).  This represents the largest area cleared 
of any vegetation association in the study area.  However, the succulent steppe vegetation 
association has the smallest proportion of original cover remaining at 2,622 ha (Table 2.4).  
The greatest decline in vegetation cover occurred in vegetation types associated with salmon 
gum, York gum and gimlet.  
Remnants vary greatly in size and condition.  Remnant vegetation surveying, completed by 
Connell et al. (2002), in the Yilgarn Study area has found that the majority of private 
remnants are very small (each less than 10 ha in size), are degraded, and occupy only a 
small area in the study area.  Larger private remnants are generally in much better condition. 
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Table 2.4. Summary of pre-European and current vegetation extent in the Upper Yilgarn 
Vegetation association Area of original cover (ha)
Current extent 
(ha)
Proportion of original 
cover remaining 
(% of study area) 
Medium woodland 730,310 112,569 15 
Shrubland 692,510 173,941 25 
Mosaic 67,340 21,242 31 
Succulent steppe 6,590 2,622 40 
Bare areas 39,050 10,125 26 
Total 1,535,800 320,499 21 
Note: Area of vegetation cover has been rounded to the nearest 10 ha. 
All remnants under public tenure are in good or very good condition.   
2.8.1 Rare and endangered flora 
In 1998, there were 341 taxa of flora formally listed as rare (threatened) in Western Australia 
(Brown et al. 1998).  Twelve species are threatened in the Study area (Table 2.5).  Clearing 
for agriculture in the past is the major reason why so many plant species are threatened.  
Current threats include:  little remaining and degraded habitat, weeds, grazing, clearing, 
salinity and chemical spraying. 
Table 2.5. Declared rare flora in the Upper Yilgarn (Department of Conservation and Land Management, 
Merredin). Also see Brown et al. (1998)
Botanical name Common name 
Acacia denticulosa Sandpaper wattle 
Acacia lobulata Chiddarcooping wattle 
Banksia sphaerocarpa var. dolichostyla Ironcap banksia 
Boronia adamsiana  Barbalin boronia 
Eremophila resinosa  Resinous eremophila  
Eremophila virens  Campion eremophila 
Eremophila viscida  Varnish bush 
Eucalyptus brevipes  Mukinbudin mallee 
Myriophyllum lapidicola  Chiddarcooping myriophyllum 
Philotheca basistyla White-flowered philotheca 
Pityrodia scabra  Wyalkatchem foxglove 
Stylidium merrallii  Merrall’s trigger plant 
UPPER YILGARN CATCHMENT APPRAISAL 
18
Figure 2.10. Remnant vegetation extent after clearing. 
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3. CATCHMENT RISKS 
3.1 Soil and land degradation risks 
Paul Galloway 
The major land degradation hazards are soil structure decline and acidification.  Both 
hazards are manageable using existing methods but are likely to affect large areas now and 
into the future unless best management practices are adopted.  Other potential hazards are 
subsoil compaction, wind erosion, water erosion and water repellence.  These less visible 
forms of land degradation often affect larger areas than salinity however, they often go 
unnoticed and untreated (Nulsen 1993). 
Options for best managing each degradation hazard vary depending on site characteristics 
and farming systems.  A site analysis and farming system appraisal should be undertaken 
before recommending one option over another.  Degradation hazards and management 
options are more fully described in Moore (1998) and in the Farmnotes listed in further 
reading.
3.1.1 Soil structure decline 
Approximately 656,000 ha (43 per cent) has loamy and clayey surfaced soils that are 
moderately to highly susceptible to soil structure decline.  Of these, the shallow loamy duplex 
soils (31 per cent) are most at risk, due to their clay mineralogy, chemistry and past 
management. 
Soil structure decline can be minimised and reversed by applying gypsum, increasing 
organic matter, blanketing the soil surface with stubble, practising minimum tillage and 
removing stock during wet periods.  Gypsum will only temporarily improve soil structure, so it 
should be regarded as an initial step in moving towards conservation tillage methods, rather 
than a solution to soil structure decline. 
3.1.2 Soil acidity 
Approximately 582,000 ha (38 per cent) is moderately to highly susceptible to increased 
rates of acidification and 40,000 ha (3 per cent) of this is naturally acidic.  Testing soil pH in 
the surface (0-10 cm) and sub-surface (10-20 cm) layers is the only accurate way of 
monitoring acidification.  Soils most susceptible to acidification are the deep sands, sandy 
earths and ironstone gravels, which occupy 486,000 ha, or 32 per cent and are associated 
with lateritic landforms.  These are leached sandy soils with low organic carbon content and 
little resistance (or buffering capacity) to pH change. 
Liming is the most common method of halting and reversing acidity on these productive soils.  
The total annual lime requirement for the study area is calculated to range from 20,000 to 
45,000 tonnes, based on acidification rates of between 75-125 kg lime equivalent/ha/yr for 
farming systems and soils (Porter and Miller 1998; Dolling, unpublished report).  Annual lime 
applications currently average about 10-21 per cent of the total required, significantly below 
the State average of between 50-60 per cent (Miller 2002).  These rates vary significantly 
with the seasonal economic situation.  Lime use increased from 1996 when the ‘Time to 
Lime’ campaign was introduced (Andreini and Dolling, unpublished report).  However, this 
increase has not nearly reached the levels required to halt acidification.  The relatively low 
adoption rates may be attributed to difficult seasonal and economic conditions and high 
transport costs. 
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The Lime and Nutrient Calculator, available from Top Crop administration, Department of 
Agriculture Northam, can be used to calculate the lime requirements for individual paddocks.  
Figure 3.1. Lime use compared to estimated lime requirement for the study area. 
Andreini and Dolling (unpublished report) suggest that economic responses to liming Wodjil 
soils are marginal or ineffective.  However, some trial results suggest that lime applications 
are economically beneficial to production (Gazey pers. comm.).  Best soil acidity 
management on acid sandplain is a liming program in conjunction with planting acid tolerant 
species and using less acidifying management practices (Gazey pers. comm.).  The other 
naturally acidic soil is the agriculturally unproductive shallow duplex soil (10,000 ha or 1 per 
cent) generally found below breakaways.  These should be fenced and revegetated. 
Other sandy surfaced soils such as gritty sands formed on fresh granite and sandy duplexes 
are susceptible to acidification, but generally have better buffering capacity than those 
discussed above due to their composition and clay content. 
0
5000
10000
15000
20000
25000
30000
35000
40000
45000
50000
19
94
-1
99
5
19
95
-1
99
6
19
96
-1
99
7
19
97
-1
99
8
19
98
-1
99
9
19
99
-2
00
0
year
L
im
e 
ap
p
lie
d
 (
T
)
Upper estimated lime required
Low er estimated lime required
UPPER YILGARN CATCHMENT APPRAISAL 
21
3.1.3 Sub-surface compaction 
Approximately forty nine per cent of the study area is moderately to extremely vulnerable to 
compaction, but the sandy earths (18 per cent) and deep sands (7 per cent) should be 
targeted first, when treating compaction, as they are most susceptible and most likely to 
respond if no other root limiting layer is encountered.  Sandy duplexes are also prone to 
subsoil compaction, but economic responses are variable and depend on the depth of other 
root-limiting layers. 
Controlled traffic farming minimises the extent of compaction after pans are removed by 
deep ripping.  It also delivers other benefits to the farming system. 
3.1.4 Wind erosion 
Areas of bare loose, dry soil, in higher landscape positions are most at risk of wind erosion 
(Moore et al. 1998).  The soils most susceptible are deep sands, sandy duplexes and sandy 
earths on crests and upper slopes.  About 42 per cent of study area soils are moderately 
susceptible and 11 per cent are highly to extremely susceptible to wind erosion, but areas at 
risk are usually much less because of landscape factors and effective paddock management. 
Wind erosion can be controlled by maintaining cover, stock management and planting 
windbreaks to protect susceptible areas. 
3.1.5 Waterlogging 
Waterlogging varies in extent and severity from season to season, and occurs as a result of 
a complex interaction of weather conditions, soil type, soil moisture status and landform.  
Weather conditions during winter generally limit waterlogging to small areas of water 
accumulation, even though 27 per cent of the study area is moderately to severely 
susceptible in wet winters.  The main soils affected are shallow sandy and shallow loamy 
duplexes on lower slopes and valley floors.  Waterlogging management is addressed in more 
detail in the surface water management section. 
3.1.6 Water repellence 
Water repellence mostly occurs on sandy surfaced soils that have hydrophobic organic 
matter present.  This situation most commonly occurs on the highly productive sands, sandy 
earths and gravelly soils that are managed under a cereal-legume rotation.  About 43 per 
cent of the study area is moderately to highly susceptible to water repellence.  Actual 
occurrence is unknown.  Water repellence is most commonly managed by clay spreading 
and furrow sowing. 
3.2 Salinity and groundwater 
Rosemary Nott 
3.2.1 Current extent of salinity 
Clearing native vegetation for agriculture has resulted in a rapid increase in the area of saline 
land across the Study area.  Salts accumulated in the regolith from airborne ocean salts, 
have been brought to the surface by a rising watertable.  Vegetation death is usually driven 
by a combination of the rising saline watertable and episodic high rainfall events that result in 
long periods of waterlogging and or ponding in low-lying areas. 
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Figure 3.2. Salinity map. 
UPPER YILGARN CATCHMENT APPRAISAL 
23
Changes in groundwater levels have resulted in an increase in the volume of groundwater 
discharge and hence area of salinised lands.  Mapping of current salinity was undertaken as 
part of the Land Monitor Project (Caccetta and Beetson 2000).  This was achieved by using 
Landsat imagery from spring 1988 to 2000 to determine areas of consistently low production. 
Unfortunately, only 47 per cent of the total study area was mapped for current extent of 
salinity by Land Monitor.  Of this portion, just over 1.8 per cent or 28 287 ha was identified to 
be currently affected by salinity. 
Further information on the Land Monitor Project and its methodology can be found at 
www.landmonitor.wa.gov.au.
3.2.2 Potential salinity risk 
Areas at risk from a shallow watertables have also been predicted by Land Monitor by 
combining the location of current salinity, digital elevation model data and surface water 
accumulation models.  Height above the catchment surface water flow path has been 
deemed a critical factor in determining where water will accumulate in a catchment.  Four 
sequences of predicted water level (0-0.5 m, 0.5-1.0 m, 1-1.5 m and 1.5-2 m) have been 
mapped by Land Monitor, with land in the lowest water level bracket being the most 
susceptible to developing a shallow watertable.  This mapping of the 0-2 m level from the 
flow path effectively produces a ‘valley floor’ map. 
The ‘valley floors’ are areas likely to be affected by salinity and/or waterlogging if watertables 
rise sufficiently, and where run-off will accumulate after heavy rainfall.  It should be noted that 
not all areas shown as 'valley floors' will become saline due to variations in soil and 
topography, variation not detected by 2 metre contour data and local perched water.  Shallow 
watertables caused by geological or soil barriers are not included in this estimation of 
waterlogged area. 
Approximately 84 per cent of the study area had soil and salinity risk mapping completed.  Of 
this area 413,700 ha or 27 per cent is located in the 'valley floor' landscape.   
Although in the main these predictions appear quite realistic, some upper catchment areas 
are over-predicted with an example of this being the Upper Walgoolan Creek area in the 
Westonia Shire. 
3.2.3 Groundwater trends 
Approximately half of all bores across the Study area are not useful for determining 
groundwater trends.  These bores comprise those which have been installed within the last 
two years and many which have been read infrequently.  A further 26 bores have been dry 
since installation or have dried in the last two successive dry years.  A summary of all bores 
and their trends may be found in Appendix A3.1.
Rising trends 
Fifty-two bores are showing rising trends of between 2 and 50 cm/yr.  Rates of rise are 
higher in the internally drained Skeleton Rocks catchment with one bore rising 77 cm/yr.  
Generally, groundwater is rising at a rate of between 2 and 10 cm/yr in the valley floor and 
10-30 cm/yr on the slopes.  Groundwater rise tends to be faster on steeper sided slopes of 
catchments because of a steeper groundwater gradient. 
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Figure 3.3. Valley floors / low lying areas map. 
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Falling trends 
Falling trends were observed in 57 bores across the Study area.  Twenty nine of these bores 
are located in the lower Bodallin catchment and are being used to monitor the effects of 
groundwater pumping.  Of the other 28 bores, the majority have been influenced by below 
average rainfall in 2001 and 2002.  Short monitoring periods emphasise the downward 
hydrograph slope of the last two years.  Given a longer monitoring time frame many of these 
bore trends may reverse. 
Static bores 
Twenty-four bores appear to have static groundwater trends.  These are predominantly bores 
from valley floor landscape positions where groundwater has reached equilibrium. 
3.2.4 Effect of rainfall 
Analysis of all piezometer data was conducted using the Hydrograph Analysis and Rainfall 
Time Trends program (HARTT) (Ferdowsian et al. 2001).  The program assists in explaining 
long term groundwater trends by removing the effects of rainfall events from the underlying 
time trend.  HARTT analysis was not possible for recently installed bores or for those with 
poor data.
Figure 3.4 (A3 fold-out) details hydrographs and HARTT values (where applicable) of 
selected piezometers.  These were chosen from the range of landscape positions in the 
Nungarin, Yilgarn and upper Westonia Shires.  No hydrographs were available for either the 
Mukinbudin or lower Westonia Shire. 
.
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Figure 3.4. Groundwater trends in the Upper Yilgarn study area (1987-2002). 
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3.3 Surface water risk 
Ian Wardell-Johnson and Paul Galloway 
Surface water degradation risks are:  
1. flooding and inundation; 
2. water erosion; 
3. sedimentation; 
4. waterlogging; 
5. recharge to local and regional groundwater systems. 
The above risks are discussed in more detail below and are related to the surface water 
landscape units described in Section 2.6 and summarised in Table 3.1.  The occurrence of 
these surface water degradation risks will increase if the following management-related 
issues are not recognised and addressed: 
? Inadequate farm planning that integrates surface water management. 
? Non-adherence to earthwork design standards. 
? Obstruction of flow on the valley floor; and 
? Inadequate farm water storage. 
These management-related issues are dealt with in detail in the surface water management 
(Section 4.3). 
3.3.1 Flooding and inundation 
Flooding mostly affects the broad valley floor and tributaries (Surface Water Landscape 
unit 7) and the salt lakes, saline land and clay pans (SWL unit 8) surface water landscape 
units (see Table 3.1).  Flooding occurs sporadically, mainly after localised summer storms, 
widespread cyclonic rain-bearing depressions and during wetter years.  Impediments on the 
valley floor lengthen the time of inundation. 
Inundation occurs when floodwaters stop moving and surface water ponds for a period of 
time. It usually occurs in valley depressions where it contributes to waterlogging and 
secondary salinity by saturating the soil and recharging the watertable.  Inundation also 
commonly occurs up slope of roads, tracks, fence lines and other obstructions (such as wind-
erosion ‘blow-outs’) that impede flow.  Salt accumulation, vegetation decline and loss of 
production are often the result. 
On the broad valley floor and tributaries (SWL unit 7), and salt lake, clay pans, saline lands 
(SWL unit 8) (see Table 3.1), surface water flows are often impeded by roads, culverts, dams 
and diversion banks.  The result can be paddock flooding, localised salinity and 
waterlogging.  This is a very significant problem and specific examples can be found in the 
Shire of Yilgarn Catchments Surface Water Assessment Strategy (Cattlin et al. 2002).
3.3.2 Water erosion 
Over 50 per cent of the study area is at moderate, high or extreme risk of water erosion.  
Rock outcrops and steep slopes (SWL unit 2), shedding crests (SWL unit 3), moderate 
slopes (SWL unit 4) and gentle mid-slopes (SWL unit 5) landscape units are the most 
susceptible to water erosion.  Water erosion is most likely to occur on denuded slopes with  
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gradients greater than 1 per cent (see slope classes in Table 3.1).  Loss of topsoil by sheet 
and rill erosion is immediate but is often hard to identify.  Consequently, it is often ignored or 
overlooked, causing soils to become more infertile in the long term.  This erosion risk 
increases where water concentrates, such as in sheep tracks, where cultivation furrows are 
directed down slope and in cultivated depressions where water flows occasionally. 
Breakaways (within the rock outcrop and steep slopes SWL unit 2) are a focal point for 
degradation, especially when dispersive clays are present, as these are very prone to 
erosion.  Run-off generated on these slopes can erode the topsoil further downslope, 
exposing infertile subsoil clays that are difficult to manage. 
Water erosion will occur on slopes lower than 1 per cent where flowing water concentrates.  
This situation occurs in the upper valley floor, lower slopes and tributaries (SWL unit 6), 
broad valley floor (SWL unit 7) and salt lakes and clay pans (SWL unit 8).   
Water erosion is exacerbated on low slopes where dams are sited too close to roads and 
creek lines.  This causes a flow constriction, as occurs with over 50 per cent of dams 
throughout the study area.  The result is high velocity flows and erosion of creek lines and 
damage to dams, fences and roads. 
Erosion will increase if the area of land affected by salinity and/or shallow watertables 
increases anywhere in the study area, due to more frequent run-off from smaller rainfall 
events.
3.3.3 Sedimentation 
Sedimentation occurs whenever fast moving surface water that is carrying soil slows down.  
Sediment deposits most commonly occur in the broad valley floors and tributaries (SWL 
unit 7), particularly where dams, roads and fence lines slow surface water flows.  Sediments 
also deposit on the salt lakes and clay pans (SWL unit 8) during wet periods.  The same 
sediments often blow out of bare areas over summer. 
Sedimentation mostly affects farming enterprises by silting up dams and earthworks, burying 
fences and degrading roads. 
3.3.4 Waterlogging 
Waterlogging results from excess water in root zone, which restricts the ability of the plant 
roots to obtain oxygen from the soil.  Farming systems that rely heavily on the cereal crops of 
barley and wheat are most susceptible to the affects of waterlogging, as these plants have a 
low tolerance. 
As waterlogging is a transient phenomenon that depends upon many factors, it is difficult to 
accurately determine severity and extent.  However, waterlogging is a major risk in discharge 
areas.  In wet years it is likely that 30 per cent of the study area is somewhat affected by 
waterlogging.  The SWL units most at risk are the salt lakes and clay pans (SWL unit 8), the 
broad valley floors and tributaries (SWL unit 7) and the upper valley floor, lower slopes and 
tributaries (SWL unit 6).  During short periods in wet years, the moderate slopes (SWL unit 4) 
will also be subjected to short term waterlogging.  All other SWL units are relatively 
unaffected by waterlogging. 
Waterlogging in the study area is also caused by the obstruction of surface flows on the 
broad valley floors and tributaries by roads, undersized culverts, fences, dams and sediment 
deposits.  In these flat landscapes, all obstructions greater than 3 cm (including cultivation 
mounds) can hinder flow. 
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3.3.5 Recharge 
Recharge resulting from ponding and waterlogging in the broad valley floors and tributaries 
(SWL unit 7) and salt lake, clay pans, saline land (SWL unit 8) is a mechanism causing 
watertable rise in the eastern wheatbelt (Cattlin et al. 2002).  This risk will not reduce in the 
study area without positive action being taken to reduce the frequency of flooding and to 
prevent surface ponding. 
Direct recharge to local aquifers (sandplain seeps) and regional aquifers occurs on the 
sandplain crests and upper slopes during extended periods of rainfall or high intensity 
rainfall.  During light to moderate rainfall events, only a small proportion (if any) of water will 
infiltrate and become recharge.  The amount of recharge also depends on vegetation, soil 
condition and slope. 
Table 3.1. Degradation risks of surface water landscape units 
Name of units Slope class Risk 
1. Recharge areas -  
 Sandplain crests 
and upper slopes 
0.0-1.0% Recharge  -  run-off in extreme events. 
Erosion  -  wind and water. 
2. Rock out crops and 
Steep slopes 
> 6.0% Run-off potential for water catchments. 
Erosion/run-off. 
Recharge. 
3. Shedding crests 0.0-1.0% Run-off generation.  Prime opportunity for water supply via roaded 
catchment.
4. ‘Moderate’ slopes 2.0-6.0% Water erosion on duplex and loamy earths. 
Areas where surface water flows are generated  -  run-off. 
5. Gentle mid-slopes 1.0-2.0% Water erosion on duplex and loamy earths. 
Areas where surface water flows are generated  -  run-off. 
6. Upper valley floor 
and lower slopes 
and tributaries 
0.5-1.0% Waterlogging, water erosion, flooding. 
Dam failure due to flooding, breaching and salinity. 
7. Broad valley floor 
and tributaries 
0.0-0.5% Waterlogging, flooding, inundation, in situ recharge and salinity. 
Water erosion in flood events. 
Dam failure due to flooding, breaching and salinity. 
8. Salt lakes  
 Clay pans and 
saline land. 
0.0-0.0% Salinity, erosion, inundation, and waterlogging all currently occur 
regularly or constantly. 
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3.4 Vegetation risk assessment 
Ben Toric 
Remnant vegetation is declining in quality primarily due to salinity, fragmentation and 
grazing.  Other factors which contribute to the decline but are not looked at in further detail in 
this report; include the adverse impacts from agricultural chemicals, weeds, introduced 
animals and competing land uses.
3.4.1 Remnants at risk from salinity 
Rising groundwater levels are a major factor contributing to the declining health of remnant 
vegetation.  Remnants in low-lying areas are particularly at risk. 
Currently there is lack of comprehensive data on salinity risk for parts of the Study area, 
particularly Mt Marshall, Mukinbudin, Westonia and Yilgarn shires.  In areas where data is 
available, analysis suggests that there is a significant risk to remnants from salinity 
(Table 3.2).  This is particularly so in the Nungarin shire, where vegetation associated with 
salt lake chains, such as Melaleuca thickets, may be significantly affected by future rises in 
watertables and increased salinity.  In Merredin and Nungarin shires, vegetation types 
particularly at risk from salinity include: 
? medium sparse woodland dominated by salmon gum and yorrell; and 
? medium woodland dominated by salmon gum and morrel. 
Table 3.2. Remnant vegetation currently affected by salinity* 
Shire**
Shire area in 
the study area 
(ha)
Area of 
vegetation 
(ha)
% of 
remnant
vegetation 
Area of vegetation
affected by salinity
(ha)
% of vegetation 
affected by salinity
Merredin 98,980 15,486 16 1,440   9.3 
Mount Marshall 31,619 5,922 19 Insufficient data Insufficient data 
Mukinbudin 256,520 38,558 15 Insufficient data Insufficient data 
Nungarin 99,392 15,937 16 5,900 37.1 
Trayning 3,808 911 24         2   0.3 
Westonia 304,390 85,759 28 Insufficient data Insufficient data 
Yilgarn 741,203 157,927 21 Insufficient data Insufficient data 
All Shires 1,535,913 320,500 21 Insufficient data Insufficient data 
Note: Area of vegetation cover has been rounded to the nearest 10 ha so totals may not add up.  
* Refers to areas of current salinity as identified by Land Monitor.  Note, however, that effect of salinity varies 
between vegetation types. 
** Refers to the portion of the shire found in the study area. 
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3.4.2 Remnants at risk from fragmentation 
Much of the remnant vegetation, within the area cleared for agriculture, is fragmented and 
unfenced potentially creating a decline in biodiversity values.  Table 3.3 shows that the study 
area has vegetation associations that are fragmented to a series of small remnants, the 
average size being only 16 ha.  Twelve vegetation types have less than 20 per cent 
remaining of their original area and three vegetation types occupy an area of less than 25 ha 
in the study area: 
? Acacia neurophylla and Acacia species thicket. 
? Eucalyptus incrassata mallee-heath; and 
? Mallee scrub, Eucalyptus longicornis and E. sheathiana.
Two vegetation associations are no longer represented in the study area.  These are: 
? Mosaic:  Shrublands; Medium woodland; wandoo and gimlet/York gum and Eucalyptus 
sheathiana mallee scrub; and 
? Shrublands:  Allocasuarina acutivalvis, Calothamnus and Melalueca thicket on 
greenstone hills. 
Note, however, that their combined pre-clearing extent was only 61 hectares. 
Fragmentation of remnant vegetation can disrupt ecological processes and remnants may 
become too small to maintain viable breeding populations of species. 
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Table 3.3. Fragmentation of study area remnants 
Vegetation association Area found in study area (ha) 
Average remnant 
size* (ha) 
Morrel (E. longicornis) 588 294
Morrel and rough fruited mallee (E. corrugata) 9,361 63
Rough fruited mallee on greenstone hills 31 15
Salmon gum and gimlet   64,826 13
Salmon gum and morrel 10,231 10
Salmon gum, morrel, gimlet and Eucalyptus 
sheathiana
35,913 19
Salmon gum, morrel, gimlet and rough fruited mallee 217 27
Wandoo 497 15
Wandoo, salmon gum, morrel, gimlet and rough 
fruited mallee 
461 3
York gum and salmon gum 2,449 6
York gum, salmon gum and gimlet   1,292 7
Medium 
woodland 
York gum, wandoo and salmon gum 
(E. salmonophloia)
720 10
Medium sparse 
woodland 
Salmon gum and yorrell (E. gracilis) 8,044 45
Acacia brachystachya scrub 4,710 25
Acacia neurophylla and Acacia species thicket 18 1
Acacia neurophylla, A. beauverdiana and 
A. resinomarginea thicket 
45,702 29
Acacia quadrimarginea thicket 548 30
Acacia, Allocasuarina and melaleuca thicket 117,334 22
Allocasuarina campestris thicket 15,251 9
Eucalyptus incrassata mallee-heath  22 22
Mallee scrub, black marlock 191 11
Mallee scrub, E. eremophila 327 7
Mallee scrub, Eucalyptus longicornis and 
E. sheathiana
14 5
Melaleuca uncinata thicket with scattered York gum 511 18
Scrub-heath in the Coolgardie Region 2,137 56
Scrub-heath in the Mallee Region 1,155 116
Thicket, acacia and Allocasuarina campestris 1,846 10
Thicket, acacia-allocasuarina alliance  8,311 9
Shrubland 
York gum and Eucalyptus sheathiana mallee scrub 5,838 13
Medium woodland; salmon gum 185 20Mosaic
Medium woodland; salmon gum and gimlet 7,266 8
With open low woodland; sheoak over saltbush and 
blue bush  
50 50
With scrub; acacia species over saltbush 3,013 25
With scrub; acacia species over saltbush and blue 
bush
71 35
Succulent
Steppe
With woodland and thicket; york gum over 
Melaleuca thyoides and samphire 
65 65
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Table 3.3 continued … 
Vegetation association Area found in study area (ha) 
Average remnant 
size* (ha) 
Claypans 1 0
Mudflats 55 9
Rock outcrops 9,078 10
Bare areas 
Salt lakes 1,627 8
Total 320,499 16
* This is the average size of remnant in which a vegetation association is found.  Remnants may contain several 
vegetation associations. 
3.4.3 Grazing pressures 
The majority of private remnants are unfenced and as such they are subject to grazing 
pressures from stock.  This has been particularly evident in the summer of 2002/03 (after the 
severe drought in 2002), when many landholders resorted to using remnants for feed-lotting 
or feed sources, to minimise damage on rapidly eroding paddocks.  The environmental 
effects of such action include: 
? spread of weeds in remnants; 
? trampling, which disturbs the soil and increases the risk of erosion in the remnant; 
? damage or loss of native flora, particularly more palatable shrubs and native grasses, 
therefore removing the understorey; and 
? removal of food sources for native fauna. 
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4. MANAGEMENT OPTIONS AND IMPACTS 
4.1 Land management 
Keith Ohlsen 
The most suitable options for reducing recharge in the major soil supergroups found in the 
Study area are given in Table 4.1.  The recharge estimates have been calculated using 
AgET, which is a water balance calculator (Argent 1998).  Recharge has been calculated as 
a percentage of annual rainfall, using 320 mm as the average for the study area. 
4.1.1 Farming systems options summary 
Annual crop rotations and the use of best farming practices 
Best practice annual crop and pasture agronomy will marginally improve water use.  
Doubling crop yields may only increase water use by 5 per cent, and annual crops use more 
water than traditional annual pastures.  Annual summer crops use similar amounts of water 
to traditional annual crops, but are able to use summer rainfall and moisture stored in soil.  
This has a net positive impact on year-round water use if winter crops or pastures follow 
summer crops.  However, effective surface water management and perennial species are 
needed to reduce recharge rates significantly. 
Integrating perennial pastures into the farming system 
Soils that are difficult to crop, or that have marginal economic returns, are a good opportunity 
for perennial pastures, forage crops and woody perennials.  Perennial pastures are well-
suited to stock enterprises as they can provide a better distribution of feed throughout the 
year, thus removing or reducing the need for feed supplements and enabling high-priced 
markets to be targeted.  
Rotations using perennial pastures have farming benefits including: 
? managing herbicide resistant weeds; 
? increasing the range of enterprises; 
? extending green feed; 
? finishing stock out of season; 
? providing ground cover; and 
? reducing the need for supplementary feeding of stock.  
Sites where fresh water accumulates provide perennial vegetation with the opportunity to 
maximise water use and production.  ‘Best bet’ sites to maximise the production from 
perennial species such as lucerne include:  
? above break of slope positions; 
? on soil changes where the up-slope soils are lighter than the down-slope soils; 
? in gritty soils around rock outcrops; and 
? above dykes and faults. 
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Lucerne dryland grazing systems: 
? grown on various soil types and environmental conditions throughout Western 
Australia;
? produce feed with quality and quantity equal to or better than sub. clover;  
? produce green feed from April to December and later throughout summer, depending 
on moisture availability;
? provide an opportunity to finish meat sheep out of season for premium markets; and 
? require rotational grazing management. 
4.2 Groundwater management 
Rosemary Nott 
4.2.1 Managing recharge 
In the past it was thought that planting high water use annual crops and pastures combined 
with tree planting could reverse problems in areas threatened by high watertables.  Recent 
modelling however suggests that in most catchments over 50 per cent of the catchment 
would need to be returned to trees in order to significantly reduce groundwater levels 
(George et al. 2001).  George and colleagues used a simple two-dimensional catchment 
water balance model called ‘Flowtube’ to look at long term salinity risk in response to various 
levels of intervention.  Results of this modelling showed that relatively flat catchments in 
medium to low rainfall areas were at the greatest risk in the long term (100+ years).  Small 
reductions in recharge from tree planting were shown to have minimal effects on the 
watertable.
Despite the large amounts of revegetation needed to reduce regional groundwater tables, 
tree planting has been shown to impact positively on local (sandplain) aquifers.  Local 
aquifers with associated seeps that are too salty for stock water supplies can be controlled 
by arcs or strips of trees above the seeps.  If the aquifer is too large for the trees alone to 
control discharge, tile drainage to a small evaporation basin may be used. 
Revegetation to control regional groundwater tables should not be abandoned as a salinity 
control method because of the limited effects per tree.  Instead, tree planting for watertable 
reduction should be combined with other management practices, which benefit from 
vegetation such as wildlife corridors, stock shelterbelts and wind erosion control.  Farmers 
should also select areas of the farm for revegetation were trees give the most watertable 
benefit, i.e. water accumulation zones.  Water accumulation zones will usually be found at 
granite rock surrounds, break of slope and or change of soil type areas, on creek flats and 
below dams. 
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Table 4.1. Land management hazards and water use options for major soil supergroups 
Soil supergroup 
SHALLOW LOAMY DUPLEXES 
Land management 
consideration 
Water use 
options 
Recharge 
Percentage of 
320 mm rainfall 
Percentage of total study area  =  
31% 
Description: 
Soils with a loamy surface and a 
texture or permeability contrast at 3 
to 30 cm 
Valley floors and lower to mid-
slopes 
Current agriculture: 
Pasture cereal rotation, pasture/two 
cereal or continuous crop rotations. 
? High risk of wind erosion. 
? Sandy topsoil may be seasonally 
waterlogged. 
? Moderate risk of sub-surface 
acidification. 
? Moderate to high risk of water 
repellence. 
? Shallow (< 30 cm) unrestricted rooting 
depth.
? Moderate to high salinity risk in low-
lying flat areas. 
Current agriculture: 
Pasture/cereal or continuous crop. 
Options: 
Perennial pastures 
Number of perennial species suitable. 
Lucerne as a phase in crop rotation. 
Annual pastures 
? Medics. 
? Sub. clover. 
? Serradellas (dependant on soil pH and depth of sand. 
Fodder shrubs and trees 
Oil mallees (Eucalyptus and Melaleuca sp.).
Saline areas 
Saltbush, tall wheat grass, puccinellia and balansa clover. 
Pre-clearing vegetation 
5-10
0-5
0-5
0-5
na
0-5
Percentage of total study area  =  
17% 
Description: 
Soils with a sandy surface grading 
to loam by 80 cm.  May be clayey 
at depth.
Freely drained slopes and crests. 
Current agriculture: 
Lupin/cereal rotation.  Annual 
legume pastures are sub. clover or 
serradella.
? Moderate wind erosion risk where 
surface is loose. 
? Moderate to high risk of sub-surface 
acidification. 
? Deep unrestricted rooting depth 
< 80 cm. 
? Moderate water holding capacity. 
? Low risk of soil structure decline. 
? Moderate-low risk of water repellence. 
? Moderate risk of water erosion in 
sloping landscapes. 
? Good physical characteristics for plant 
growth. 
Current agriculture: 
Lupin/cereal rotation. 
Options: 
Perennial pastures 
Annual pastures 
? Yellow/French serradellas. 
? Biserullas. 
? Sub. clover. 
Fodder shrubs and trees 
? Tagasaste. 
Saline areas 
Pre-clearing vegetation 
5-10
0-5
0-5
0-2
na
0-2
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Table 4.1 continued … 
Soil supergroup 
SHALLOW LOAMY DUPLEXES 
Land management 
consideration 
Water use 
options 
Recharge 
Percentage of 
320 mm rainfall 
Percentage of total study area  =  
8% 
Description: 
Soils that have ironstone gravels 
are a dominant feature of the 
profile, i.e. ironstone gravel layer 
(> 20% and greater than 20 cm 
thick) or duricrust/cemented gravels 
within the top 25 cm. 
Crests and rises. 
Current agriculture: 
Lupin/wheat (or triticale) or 
oats/pasture/oats.
? Water holding capacity is generally low 
due to shallow depth of profile and 
high gravel content. 
? High recharge risk. 
? Workability is limited due to gravels. 
? Deeper variants are suitable for 
cropping with higher rainfall. 
? Low to moderate risk of sub-surface 
acidification. 
Current agriculture: 
Lupin/wheat (or triticale) or oats/pasture/oats. 
Options:
Annual pastures 
? Sub. clovers. 
? Serradella. 
Forage shrubs and trees 
Saline sites 
Pre-clearing vegetation 
0-5
0-5
na
na
0-2
Percentage of total study area  =  
7% 
Description: 
Soils with a sandy surface and a 
texture or permeability contrast at 
3 to 30 cm. 
Mid-slopes and near rock outcrops. 
Current agriculture: 
Pasture cereal rotation, 
pasture/two-cereal or continuous 
crop rotations. 
? High risk of wind erosion. 
? Sandy topsoil may be seasonally 
waterlogged. 
? Moderate risk of sub-surface 
acidification. 
? Moderate to high risk of water 
repellence. 
? Shallow (< 30 cm) unrestricted rooting 
depth.
? Moderate to high salinity risk in low-
lying flat areas. 
Current agriculture: 
Pasture/cereal or continuous crop. 
Options: 
Perennial pastures 
Number of perennial species suitable. 
Lucerne as a phase in crop rotation. 
Annual pastures 
? Medics. 
? Sub. clover. 
? Serradellas (dependant on soil pH and depth of sand). 
Fodder shrubs and trees 
Oil mallees (Eucalyptus and Melaleuca sp.).
Saline areas 
Saltbush, tall wheat grass, puccinellia and balansa clover. 
Pre-clearing vegetation 
2-5
0-5
0-5
0-5
na
0-2
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Table 4.1 continued …
Soil supergroup 
SHALLOW LOAMY DUPLEXES 
Land management 
consideration 
Water use 
options 
Recharge 
Percentage of 
320 mm rainfall 
Percentage of total study area  =  
6% 
Description: 
Sands greater than 80 cm deep. 
Depressions in lateritic terrain; 
associated with sandy earths and 
ironstone gravels. 
Current agriculture: 
Wheat/lupin, wheat/sub. clover. 
? Prone to wind erosion in exposed 
positions. 
? Some have poor fertility and water 
holding capacities. 
? High risk of water repellency. 
? Moderate to high risk of sub-surface 
acidification. 
? Moderate recharge hazard under 
annual agriculture. 
? Moderate risk of sub-surface 
compaction. 
Current agriculture: 
Wheat/lupin. 
Options: 
Perennial pastures 
Lucerne on better sites. 
Annual pastures 
? Yellow serradellas. 
? Sub. clover. 
Depending on sand depth and potassium nutrition. 
Fodder shrubs and trees 
Tagasaste ideally suited on well drained sites. 
Pre-clearing vegetation 
5-10
2-5
5-10
0-2
0-2
Percentage of total study area  =  
5% 
Description: 
Soils with a sandy surface and a 
texture or permeability contrast at 
30 to 80 cm. 
Colluvial slopes, around granite 
outcrops and sometimes in valley 
floors.
Current agriculture: 
Wheat/lupin/wheat. 
? Prone to wind erosion on exposed 
sites if left bare. 
? Seasonal waterlogging over clay may 
occur.
? Moderate unrestricted rooting depth 
(30-80 cm). 
? Moderate risk of sub-surface 
acidification. 
? Depth to clay is important in 
determining how well crops and 
especially pastures perform. 
? Moderate to high risk of salinity. 
Current agriculture: 
Wheat/lupin/wheat. 
Options: 
Perennial pastures 
A range of perennial pasture species is suited including 
lucerne. 
Annual pastures 
? Biserrula. 
? Sub. clover. 
? Serradella. 
Forage shrubs and trees 
? Tagasaste. 
? Oil mallees. 
? Melaleucas. 
Saline sites 
Saltbush, tall wheat grass, puccinellia and balansa clover. 
Pre-clearing vegetation 
5-10
0-2
2-6
0-2
na
0-2
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Table 4.1 continued …
Soil supergroup 
SHALLOW LOAMY DUPLEXES 
Land management 
consideration 
Water use 
options 
Recharge 
Percentage of 
320 mm rainfall 
Percentage of total study area  =  
5% 
Description: 
Soils with a loamy surface and 
either loamy throughout or grading 
to clay by 80 cm. 
Valley floors and on lower slopes, 
often to the south-east of salt lake 
chains. 
Current agriculture: 
Cereals/field peas/wheat. 
? Potentially highly productive soil with 
good physical properties. 
? Unrestricted rooting depth. 
? Moderate-high risk of soil structure 
decline. 
? Moderate risk of sub-surface 
compaction. 
? Seasonal waterlogging may occur in 
lower slopes. 
Current agriculture: 
Cereals/field peas/wheat. 
Options 
Perennial pastures 
Lucerne. 
Annual pastures 
? Medics. 
? Balansa. 
? Biserrulla. 
Fodder shrubs and trees 
Oil mallees. 
Saline sites 
Puccinelia and balansa clover. 
Pre-clearing vegetation 
2-5
0-2
2-5
0-2
na
0-2
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4.2.2 Managing discharge 
Groundwater pumping 
Groundwater pumping may be an option for lowering the watertable in select areas of the 
eastern wheatbelt.  Pumping has been successfully used in the towns of Merredin and 
Kellerberrin and could potentially be used in the town of Mukinbudin.  Experiments with 
groundwater pumping in agricultural catchments have been undertaken in the shires of 
Yilgarn, Kellerberrin and Mt Marshall Shires for discharge control.  Groundwater yield 
however is highly variable and not easily predicted.  It is dependent on aquifer size and 
permeability of the soil and or weathered rock components of the profile.  A detailed site 
investigation should be conducted by a hydrologist and experienced driller to determine if an 
area is suitable for groundwater pumping. 
Effectiveness of groundwater pumping depends on the hydraulic conductivity of the soil.  
Clays are less permeable than sands, gravels and broken rock grits.  Thus pumping may be 
possible if the regolith contains thick sand or gravel bands in alluvial channels, coarse 
saprolite, fractured rock or coarse broken quartz.  Flow rates from pumping in the eastern 
wheat belt may range from 0.3 to 3 L/s in the above mentioned aquifer types (Matta 2000; 
Nott 2001a and 2001b).  The economics of groundwater pumping are dependent on: 
1. costs of pumping and disposal (if needed); 
2. the amount of land being recovered and its value; 
3. cost of energy (solar, electric or diesel); 
4. cost recovery from secondary uses of the water or salt.  See table below on the value 
adding of saline water. 
Groundwater salinity and pH are important considerations in any decision to pump.  The 
salinity of most eastern wheat belt groundwater exceeds 2,000 mS/m.  In a valley floor 
situation groundwater EC is commonly in excess of 5,000 mS/m and can be greater than 
10,000 mS/m.  The pH of groundwater in granite derived soils is typically acid and deep 
palaeochannel ground waters have been shown to have pH’s as low as two (Nott 2001b; Lee 
2001).
Like deep drainage, pumped groundwater cannot legally be disposed of in a creek line or at 
a neighbour’s fence.  Appropriate regulatory procedures need to be followed as for deep 
drainage with a Notice of Intent Application.  Purpose built evaporation ponds are often 
constructed were appropriate natural disposal points are unavailable.  Information on the 
construction of ponds may be found in ‘Evaporation basin guidelines for the disposal of 
saline water’ (1999), a Department of Agriculture publication.  Four evaporation basins were 
constructed in the Bodallin catchment, varying from 0.7 to 1.0 ha in size (Hopkins 2002).  
The cost of these ponds was around $4,500.  A 0.5 ha pond in the Kellerberrin Shire cost 
approximately $6,000 for the entire construction process. 
4.2.3 Value adding pumped groundwater 
It is unlikely that groundwater pumping in agricultural land will prove economical, especially if 
evaporation basins need to be constructed and lined.  Value adding of saline water may 
offset the cost of pumping.  Some of these options are included in Table 4.2.  Extra 
information on creating evaporation ponds may be found in “Evaporation Basin Guidelines 
for Disposal of Saline Water” from the Department of Agriculture Western Australia. 
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Table 4.2. Options for value adding to pumped groundwater 
Option Use Potential problems More info 
Desalination Reduce reliance on 
scheme water. 
Irrigation of out-of-
season crops. 
Reliable supply of 
pumped saline 
groundwater. 
Cost of desalination 
increases with 
increasing salinity. 
Merredin Shire Council 
Corrigin Shire Council 
Water Corporation of 
WA
Aquaculture Yabbies if not too salty. 
Fish. 
Shrimp.
Heavy metal and 
chemical contamination. 
Maintaining temperature. 
pH of water. 
Marketing of product. 
Fisheries WA 
Chemistry analysis labs 
Algae production Food colouring alga. 
Specialty food alga, 
e.g. seaweeds. 
Many species need 
alkaline water. 
Water temperature and 
pH.
Salt harvesting Industrial salts. 
Table and gourmet 
salts.
Mg or other specialty 
salts.
Marketing a low value 
product. 
Achieving purity of 
product. 
Pyramid salts, Victoria 
Solar ponds for heat production Generating heat from a 
solar gradient pond for 
industrial power 
generation. 
Infrastructure cost. 
Need a use for the heat. 
Complex lined pond 
design. 
Pyramid salts, Victoria  
Royal Melbourne 
Institute of Technology 
For more information on groundwater pumping, visit the following website: 
www.agric.wa.gov.au/environment/land/drainwise/options/engineering/Gwtr_pump.htm 
4.3 Surface water management 
Ian Wardell-Johnson and Paul Galloway 
Surface water management (SWM) aims to effectively utilise surface water where possible 
and to minimise the impact of excess surface water elsewhere within the landscape.  
Catchment degradation caused by uncontrolled surface water movement (documented in the 
surface water risks section) will increase and farm viability may be compromised if the 
following management issues are not addressed: 
? Inadequate conservation farm and catchment planning. 
? Inadequate surface water control on farms; and 
? Inadequate farm water storage. 
4.3.1 Inadequate conservation farm and catchment planning 
To manage surface water in the study area a number of conservation farming principles must 
be considered.  The main principle is that land should be used according to its capability and 
suitability.  Such a system should include contour farming, minimum tillage, crop and pasture 
rotation, judicious stock management, pasture improvement and soil/water conservation 
structures and practices where appropriate.  Few farms in the study area had implemented 
soil conservation farm planning until recent times.  Such planning should identify alternative 
fence alignments based on natural features such as soils, slopes and native vegetation.  Also 
identifying degraded areas and address the cause of the degradation.  It should consider  
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crop and paddock management, stock management, all-weather farm access, earthworks 
(design comes later), water supplies, and any other individual property issues (see Brouwer 
et al. (1999) for farm planning methodology). 
All surface water earthworks should be planned with an integrated approach on a catchment 
and sub-catchment basis, considering other issues such as salinity, river (riparian) 
management and landholder values and requirements.  This conceptual planning must be 
supported by work plans that specify design and construction criteria for earthworks in 
specific locations. 
These works plans should follow a recognised process, which includes: 
? identifying problem areas (erosion, waterlogging, high run-off areas, etc.); 
? site investigation  -  measurement of slopes, description of soil types and inspection of 
safe disposal points for waterways; 
? design for capacity and spacing of appropriate earthworks (including waterways), 
considering peak flows (Keen 1998); and 
? discuss initial works plan with landholder(s) and modify as necessary. 
4.3.2 Inadequate surface water control on farms 
Modern tillage practices such as minimum tillage and stubble retention have improved the 
soil’s ability to withstand water erosion.  However water erosion still occurs, especially during 
intense rainfall events.  Uncontrolled surface water on slopes in upper catchments also 
contributes to waterlogging, ponding and flooding on the valley flats.  Therefore, surface 
water management and soil conservation earthworks are still required.  They should be 
designed to accepted national standards modified to the Western Australian situation (see 
Keen 1998).  Maintenance of existing earthworks is essential and must be more frequent 
than is currently practiced, as many earthworks throughout the study area are not designed 
or maintained to standards that will accommodate summer storms.  These are likely to fail 
during intense rainfall and may result in severe erosion.  Banks and waterways should be 
designed and maintained to promote shallow, low velocity and non-turbulent flows (Cattlin, 
et al. 2002).  For full details of methods for managing surface water in landscape units see 
Appendix A5. 
4.3.3 Inadequate farm water storage 
Reliance on the piped scheme water is more convenient and reliable than relying on locally 
harvested water.  It is an essential buffer in drier years.  Presently, farms with access to 
scheme water cannot access funds from the Farm Water Grants Scheme to enhance 
on-farm water supplies. 
Farmers who experience marginal water pressure at the scheme boundary may consider 
enhancing on-farm water supplies.  Increasing on-farm supplies would reduce the demands 
on scheme water and may deliver savings in the future, as the cost of scheme water is likely 
to increase significantly. 
There are small groups of farms in the study area that aren’t connected to the piped scheme.  
These farms are encouraged to improve the reliability of their on-farm supplies, using funds 
from the Farm Water Grants Scheme where possible, rather than carting water.  Catching 
water locally has environmental benefits in wetter periods because more water is held in 
point sources such as dams on slopes, which reduces the amount of water accumulating on 
the flats. 
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4.3.4 Farm dams 
It is estimated that about 60 per cent of dams in the Mt Hampton catchment are situated in 
broad valley floors (Ohlsen and Slade, unpublished).  This situation is likely to be the case 
throughout the Study area (T. Cattlin pers. comm.).  Although the Mt Hampton area has had 
a recent upgrade of the local water supply, the dam was very low after the 2002 summer.  
This suggests that on-farm supplies still need improving to enhance self-reliance. 
More dams will need to be constructed to upgrade and drought proof farm water supplies 
(i.e. make them 95 per cent reliable).  Ideally dams should be constructed on shedding 
slopes (surface water landscape units 2, 3, 4, 5 in Table 4.3, and see Managing the surface 
water landscape units, in 4.3.2 above) where the natural sub-catchments are capable of 
supplying regular run-off.  Water harvesting from roaded catchments should be used where 
run-off quantities are dubious. 
Siting dams can be difficult in some areas due to the nature of the soil.  Exploratory drilling is 
essential.
Examples of good dam sites may include: 
? clay pockets adjacent to rock outcrops; and 
? gritty soils on weathered granite. 
Areas to be wary of include: 
? red loamy clay and morrel soils, which often have permeable pallid clays several 
metres below the ground surface; and 
? pallid kaolin clays, which often leak. 
Overflows from dams must discharge to grassed waterways or diversion banks. 
4.3.5 Water harvesting 
Interceptor drains and roaded catchments have high run-off potentials and can increase the 
reliability of dams.  However, the correct combination of dam to roaded catchment or any 
other natural or improved catchment is necessary to properly drought proof farm dams.  
Several software programs, such as ‘Damcat III’ and ‘Dam Volume Calculator’; can assist 
calculating such combinations.  They can be obtained from the Department of Agriculture, 
Western Australia web site: 
http://www.agric.wa.gov.au/environment/drainwise/tools.htm#Surface 
Long wide roads can sometimes create high and reliable run-off that may potentially increase 
dam reliability.  Dams harvesting these sources of water must not be located in the valley 
floor.  These potential water sources can be deceiving and may not result in large flow 
volumes or be reliable unless combined with a roaded catchment.  Big bare rocks have 
run-off potential but dam siting is critical, as soils adjacent to rock vary from clays to deep 
sands.
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4.3.6 Domestic water supplies 
The most efficient catchment is the roof of sheds and buildings.  Rainwater that is collected 
from them should be collected in tanks and used for domestic or spraying purposes.  The 
Farm Water Grant Scheme has funds for improving domestic supplies if the farm is not 
connected to the piped scheme.  A computer program called RAINTANK Calculator will 
assist in combining the right size tank with roof area and rainfall.  This calculator can be 
obtained from the Department of Agriculture, Western Australia web site: 
http://www.agric.wa.gov.au/environment/tools/raintank/raintank.htm 
Table 4.3. Possible earthworks for the slope classes and landscape elements of Study area 
Unit Slope class (%) Risk and potential Suitable earthworks Comment 
1. Recharge 
areas
(sandplain
crests and 
upper slopes) 
0.0-1.0% 
9% of study 
area
Recharge risk - run-off in 
extreme events. 
Erosion risk - wind and 
water. 
? Very specific, 
e.g. isolated bank for 
sheep track or headland 
erosion.
? Disposal points or 
natural waterways are 
often not suitable  -  must 
be a constructed and 
fenced waterway or 
discharging to a dam. 
? Cultivate on the contour. 
2. Rock out crops 
and steep 
slopes
> 6% 
< 1.0% of 
study area 
Run-off potential for 
water catchments. 
Erosion risk. 
Recharge risk. 
? Specific earthworks. 
? Possible dam sites. 
? Grade bank. 
? Short level/adsorption 
banks on very specific 
areas.
? Single and double levied 
waterways. 
? Diversion bank. 
? High run-off areas, 
including big granite 
bosses that have 
recharge areas at their 
bases.
? As slopes get steeper 
earthworks become 
more uneconomic and 
impractical.
? Very specific earthworks. 
3. Shedding 
crests 
0.0-1.0% 
23% of study 
area
Run-off generation.  
Prime opportunity for 
water supply via roaded 
catchment.
Water erosion risk. 
? Consider roaded 
catchment and dam. 
? Specific earthworks. 
? Roaded catchments. 
? Possible areas for dams 
and roaded catchments, 
soils may leak 
(exploratory drill). 
? Cultivate on the contour. 
4. ‘Moderate’ 
slopes
2.0-6.0% 
2.0% of study 
area
Areas where surface 
water flows are 
generated  -  uncontrolled 
run-off.
Water erosion mainly on 
duplex and loamy earths. 
? Grade bank. 
? Seepage interceptor 
drains.
? Single and double levied 
waterways. 
? Diversion bank. 
? Broad-based channel. 
? Roaded catchments. 
? Run-off area. 
? Broad-based channels 
that can be cropped over 
best option due to large 
catchments above 
integrate, with the other 
options.
5. Gentle 
mid-slopes
1.0-2.0% 
34% of study 
area
Areas where surface 
water flows are 
generated  -  uncontrolled 
run-off.
Water erosion mainly on 
duplex and loamy earths. 
? Broad-based channel. 
? Grade bank. 
? Seepage interceptor 
drains.
? Single and double levied 
waterways. 
? Diversion bank. 
? Roaded catchments. 
? Run-off area. 
? Broad-based channels 
that can be cropped over 
is best option due to 
large catchments above, 
integrate with the other 
options.
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Table 4.3 continued …
Unit Slope class (%) Risk and potential Suitable earthworks Comment 
6. Upper valley 
floor, lower 
slopes and 
tributaries
0.5-1.0% 
9.0% of study 
area
Waterlogging.
Water erosion. 
Dam failure due to 
flooding, breaching and 
salinity  -  lowest areas in 
landscape (flow 
constriction near roads). 
? Seepage interceptor 
drains.
? Broad-based channel. 
? Single and double 
leveed waterways. 
? Diversion bank. 
? Interceptor or spoon 
drain.
? Water accumulation 
area.
? Run-off area. 
7. Broad valley 
floor and 
tributaries
0.0-0.5% 
21% of study 
area
Waterlogging, flooding, 
inundation, in situ
recharge and salinity. 
Water erosion in flood 
events.
Dam failure due to 
flooding, breaching and 
salinity  -  lowest areas in 
landscape (flow 
constriction near roads). 
? Shallow relief drains, 
e.g. ‘W’, spoon or 
interceptor drains. 
? Levee and leveed 
waterways. 
? Deep drains in limited 
areas.
? Water accumulation 
area.
? Soil chemical and 
physical characteristics 
may limit viability of 
some earthworks 
(e.g. deep drains on 
dispersive soils). 
8a. Small salt 
lakes and 
secondary 
salinity 
0.0-0.0% 
2%
Water detention.  
Waterlogging, flooding, 
inundation, in situ
recharge and salinity. 
? Shallow relief drains, 
e.g. ‘W’, spoon or 
interceptor drains on 
secondary salinity. 
? Salt lakes and saline 
areas fenced from stock 
to promote vegetative 
cover. 
8b. Large primary 
salt lakes 
0.0-0.0% 
Defined by 
aerial photo 
interpretation
Natural lake and hyper 
saline.
? Natural salt detention 
basins.
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4.4 Remnant vegetation management 
Ben Toric 
The Upper Yilgarn has a relatively significant area (21 per cent) of remnant vegetation. 
These remnants provide vital ecosystem functions, including the protection of water and soil 
resources, providing carbon sinks for greenhouse gases, maintaining plant biodiversity and 
providing habitat for native fauna.  However, most of the remnant vegetation in the study 
area is unfenced and therefore subject to adverse effects from grazing.  As such the number 
one priority should be to fence existing remnant vegetation and manage this vegetation to 
allow for natural regeneration of degraded areas.  Priority should be given to remnant 
vegetation with the highest conservation value. 
Figure 4.1 illustrates an assessment of the relative conservation value of patches of 
vegetation.  The ranking is based on vegetation patch size, shape, type, landscape position 
(in relation to other patches of vegetation and reserves) and opportunity for corridor 
formation.
The second priority is to enhance the quality of remnants by creating vegetation corridors 
linking remnant vegetation.  These corridors will provide avenues for movement of individuals 
and populations of fauna.  Connell et al. (2002) has identified two corridors as being highly 
important:
? Corridor running from Westonia to Kellerberrin (west of the study area) along the Great 
Eastern Highway.  It consists of public reserves; and  
? North-south series of remnants centred around Westonia-Bodallin and traversing the 
study area.  This is a large system of remnants, which can be linked to the northern 
parts of the Lockhart Catchment.  
These corridors may include perennial options that can provide a commercial return 
(Table 4.4). 
4.5 Commercial farm forestry and revegetation 
Ben Toric, Department of Agriculture and Tim Emmott, Greening Australia 
Commercial agroforestry (Table 4.4) in the Study area is unlikely to be highly profitable due 
to low growth rates, longer distances to markets and higher risks posed by climatic 
uncertainties.  Nonetheless, there are a number of potentially viable options for farm forestry 
and revegetation, especially when they are designed to capture a number of land 
management and environmental benefits.  For example, commercial plantings may provide a 
buffer to existing remnant vegetation, provide corridors linking remnants or be planted as 
alleys to reduce recharge and wind erosion.  Potential commercial species include: 
Oil mallees 
Of all the farm forestry options, eucalyptus oil mallees have the greatest commercial 
prospect in the low rainfall environments, including the Study area.  Currently, there are two 
companies promoting oil mallees in the wheatbelt - one relying primarily on oil and the other 
primarily on activated carbon, electricity and/or ‘carbon credits’ as the main marketable 
products.  Landholders are advised to study oil mallee proposals carefully to ensure the 
arrangements suit their current farming system and to ensure that they will gain maximum 
benefits in the future.  Oil mallees are best suited to belt or alley type plantings rather than 
block plantings. 
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Figure 4.1. Ranking of conservation value of private remnant vegetation in the Upper Yilgarn.  Note that the pink areas have the highest conservation value.  (Produced by Damian Shepherd, Department of Agriculture)
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Fodder shrubs and productive use of saline land 
There are strong prospects for fodder shrubs in low rainfall areas, particularly in instances 
where shrubs provide a range of landcare benefits (for example, managing soil erosion or 
rehabilitating saline/waterlogged land). On saltland, there are a range of suitable species of 
salt bush, that when combined with annual or perennial pastures offer a potentially profitable 
grazing system.  Away from salt land, acacia, tagasaste and native perennial grasses are 
worth considering.  Tagasaste will require management (cutting) to maintain its productivity. 
Timber and specialty timbers 
In the Study area, commercial potential for most of the timber and specialty timber species is 
low at the present time (sandalwood perhaps being the exception).  This is because of slow 
growth rates due to low rainfall, which means that harvesting could take place after 30 years 
of growth (or 40+ years in the case of sandalwood in this rainfall zone).  Furthermore, timber 
species may require ongoing management.  However, if economic return is not a priority, 
these species can complement biodiversity plantings on the farm as species native to the 
area can be used.  In the case of sandalwood, thoughtful planning will ensure maximum 
biodiversity benefits and prospects for commercial return from sandalwood products such as 
specialty timbers and medicinal oils (Table 4.4). 
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Table 4.4. Potentially commercial farm forestry options for the Upper Yilgarn 
 (Sourced from:  White, P. pers. comm.; Huxtable, D. pers. comm.; Roberts, B. pers. comm.; Bicknell, D. pers. comm.; Underwood 1996; AGTRANS Research 
1998; Siemon and Kealley 1999; Emmott 2002a; Emmott 2002b; REX 1996; Lefroy et al. 1991.)  Peter White, from the Department of Conservation and Land 
Management, was a major contributor to this table. 
Soil group 
Botanical name Common name Use Sandy 
earths
Deep
sands
Ironstone
gravels
Shallow 
sandy 
duplex
Deep
sandy 
duplex
Rocky 
Stony 
soils
Shallow loamy 
duplex
Non-cracking clays 
Cracking clays 
Loamy 
earths
Salt
lake
Acacia acuminata subsp. acuminata  Jam Timber, posts and sandalwood host      ? ?
Acacia aneura Mulga Specialty Timber and sandalwood 
host      ? ?
Allocasuarina huegeliana Rock Sheoak Timber  ?    ?    
Casuarina obesa Swamp Sheoak Timber, posts       ? ? ?
Eucalyptus brockwayii Dundas Mahogany Timber      ? ? ?
Eucalyptus capillosa subsp. capillosa Mallee Wandoo Timber    ? ?
Eucalyptus dundasii Dundas Blackbutt Timber      ? ? ?
Eucalyptus horistes Ningan Mallee Biomass, oil and carbon credits ? ? ? ? ? ?
Eucalyptus kochii subsp. plenissima Oil Mallee Biomass, oil and carbon credits ? ? ? ? ? ?
Eucalyptus lesouefii Goldfields Blackbutt Timber       ? ?
Eucalyptus longicornis Red Morrel Timber       ? ?
Eucalyptus loxophleba subsp.
lissophloia 
Smooth Barked York Gum Biomass, oil and carbon credits     ? ? ? ?
Eucalyptus melanoxylon Black Morrel Timber       ? ?
Eucalyptus salmonophloia Salmon Gum Timber      ? ?
Eucalyptus salubris Gimlet Specialty Timber       ?
Eucalyptus transcontinentalis Redwood Timber    ? ? ?
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Table 4.4 continued … 
Soil group 
Botanical name Common name Use Sandy 
earths
Deep
sands
Ironstone
gravels
Shallow 
sandy 
duplex
Deep
sandy 
duplex
Rocky 
Stony 
soils
Shallow loamy 
duplex
Non-cracking clays 
Cracking clays 
Loamy 
earths
Salt
lake
Eucalyptus urna (mallet form of 
E. flocktoniae)
Merrit Timber       ? ?
Melaleuca lateriflora Oblong Leaf Honey Myrtle Oil       ? ? ?
Melaleuca uncinata type ‘ uncinata’ Broombush Oil and Brush Fencing     ? ? ?
Melaleuca uncinata type ‘spicate’ Broombush Oil and Brush Fencing ? ?        
Santalum acuminatum Sweet quandong Food      ? ?
Santalum spicatum Sandalwood Oil and specialty timber ? ? ?    
NOTE: This table indicates species that may provide some financial return on investment.  The greatest commercial potential exists with short rotation tree crops (e.g. oil 
mallees), where harvesting may take place five years after the initial planting and then every two to three years thereafter.  Commercial potential for most of the timber 
and specialty timber species is low at the present time. This is because of slow growth rates due to low rainfall which means that harvesting could take place after 30 
years of growth.  Always seek further advice before establishing a commercial woodlot. 
 Soil recommendations are only indicative, site conditions vary, so it is essential to seek further advice. 
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Further reading 
The Department of Agriculture publications can be found on the Departments website at:  
www.agric.wa.gov.au.
Soils
Department of Agriculture Farmnotes 
32/1985 Gypsum improves soil stability 
57/1990 Identifying gypsum-responsive soils 
87/1994 Stubble needs for reducing wind erosion 
4/1995 No-tillage sowing minimises soil erosion 
35/1996 Preventing wind erosion 
61/1996 No-till sowing machinery to control wind erosion 
65/1996 Soil management options to control land degradation 
66/1996 Stubble management to control land degradation 
110/1996 Assessing water repellence 
14/1997 Claying water repellent soils 
70/2000 Looking at liming – consider the rate 
78/2000 The importance of soil pH 
80/2000 Management of soil acidity in agricultural land 
Surface water management 
Department of Agriculture Miscellaneous Publications 
Conservation Practices for Agricultural Land 
27/2002 Grade Banks 
30/2002 Shallow Relief Drains 
29/2002 Open Deep Drains 
28/2002 Leveed Deep Drains 
31/2002 Grassed Waterways 
Department of Agriculture Farm Water Kits 2004 
Surface Water Management for Dryland Agriculture (Kit #1).
Drainage and Regulation in Dryland Agriculture (Kit #2).
Farm Water Supplies for Dryland Agriculture (Kit #3).
Department of Agriculture Farmnotes 
81/2003 Seepage interceptor drains. 
76/2003 Shallow relief drains. 
35/2003 Tramline Farming:  develop your own system.  
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Farming Systems 
Bulletin 4443 (2000).  The Wheat Book  –  Principles and Practices.  Department of 
Agriculture (formerly known as Agriculture Western Australia). 
Lacey, T. and Devenish, K. (2001).  Dryland lucerne grazing systems, The Good Food Guide 
for Sheep, Bulletin No. 4473, Agriculture Western Australia (in press). 
Barrett-Lennard, Ed. (2003).  Saltland Pastures in Australia  –  A Practical Guide, Land, 
Water and Wool, Canberra. 
Department of Agriculture Farmnotes 
27/2003 Grazing sheep and cattle on dryland lucerne. 
26/2003  Lucerne in pasture-crop rotations:  Establishment and management. 
29/2004 Perennial Grasses – Potential Grazing Issues. 
  3/2001 Frontier – An early maturing balansa clover for the wheatbelt. 
  1/1999 Puccinellia – For productive saltland pastures. 
44/2000 Tall wheat grass and balansa clover: a beneficial partnership for waterlogged, 
mildly saline soils. 
Salinity
Department of Agriculture Farmnotes 
53/2004 Evaporation basins for salinity management. 
36/2004 Groundwater pumping for salinity control. 
59/2002 Monitoring groundwater levels. 
80/2002 Monitoring the impact of perennial plants on groundwater. 
74/2004 Saltland pastures for the south-eastern wheatbelt. 
47/2000  Saltland Pastures: Changing attitudes towards saline land. 
Remnant Vegetation 
Department of Agriculture Fact sheets 
33/2000 River-Red Gum (Eucalyptus camaldulensis).
34/2000 Rock sheoak (Allocasuarina huegeliana).
24/2000 Banksias for cut flower production. 
25/2000 Broombush. 
35/2000 Southern Sandalwood. 
37/2000 Tagasaste. 
Department of Agriculture Farmnotes 
14/2001 Low Rainfall Farm Forestry for the Wheatbelt. 
98/2001 Eucalyptus Oil Mallees. 
Websites 
www.agric.wa.gov.au/trees 
www.fpc.wa.gov.au (especially the section on goldfields timbers) 
www.calm.wa.gov.au  
www.oilmallee.com.au 
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6. APPENDICES 
A1. Soil-landscape information as a basis for Land Management 
Unit (LMU) mapping 
Paul Galloway 
Soil-landscape mapping undertaken by the Department of Agriculture identifies repeating 
patterns of landscapes and associated soils.  The soil-landscape approach doesn't map 
individual soils or Land Management Units (LMUs).  Instead, it maps landscape elements 
and describes the distribution of soils within each element.  The soil-landscape map units 
reflect processes of soil and landscape development.  These map units are delineated by the 
interpretation of remotely sensed information such as air photos and satellite images. 
The information for Study area derives from data intended for publishing at a scale of 
1:250,000.  The data is poor quality and is currently being upgraded.  It is useful for regional 
planning and provides only a preliminary basis for catchment planning.  More detailed 
mapping is required for catchment and farm planning purposes, and should be conducted by 
defining the spatial extent of LMUs.  To assist this process Soil supergroups have been 
extracted from the soil-landscape mapping information (Table A1.1).  Soil supergroups are 
made up of a suite of soils with similar characteristics and can be regarded as preliminary 
LMUs.  They have not been explicitly mapped.  Rather, their spatial extent has been 
calculated from the proportion that each occupies in the soil-landscape map-units present in 
the study area.
LMUs should comprise both soil and landscape elements to best partition the landscape for 
effective and sustainable management.  Presently, the preliminary LMUs only relate soil type 
to landscape position through the broad description of the soil-landscape units found in the 
existing soil-landscape maps held by the Department of Agriculture. 
Mapping the preliminary LMUs of the study area will not differentiate several important 
landscape-related LMUs.  It is necessary to separate some of the duplex soil supergroups 
into different landscape positions to create LMUs that address surface water management 
issues including water erosion and waterlogging.  Suggested divisions for the Sandy duplex 
soils are upper and mid-slope (10-6% and 6-3%), lower slope (3-1%) and valley floor (1-0%) 
landscape components. 
Regional scale soil-landscape mapping held by the Department of Agriculture can be used to 
initiate LMU mapping.  Mapping line-work identifies initial subdivisions and map-unit 
descriptions define the relative abundance of LMUs within each map-unit.  This information is 
available on request to the Department of Agriculture’s regional Soil Resource or Research 
Officers.
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Table A1.1. Soil supergroups (preliminary LMUs) of Upper Yilgarn study area 
Soil super groups 
(suggested preliminary Land Management Units) Area (ha) 
Percentage
of study area 
Shallow loamy duplexes 474,000 31
Sandy earths 261,000 17
Ironstone gravelly soils 128,000 8
Shallow sandy duplexes 104,000 7
Deep sands 98,000 6
Deep sandy duplexes 73,000 5
Loamy earths 70,000 5
Non-cracking clays 51,000 3
Rocky or stony soils 46,000 3
Wet or waterlogged soils 40,000 3
Cracking clays 37,000 2
Shallow sands 29,000 2
Shallow loams 25,000 2
Miscellaneous soils 17,000 1
Deep loamy duplexes 5,000 < 1 
Area without soil mapping (not cleared for agriculture) 77,000 5
Total 1,535,000 100
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A2. Shire summary 
Table A2.1. Shire area, land monitor coverage, valley floor and current stability identified in Study area 
Local 
government 
area 
Total shire 
area 
(ha)
Total 
agricultural 
area in shire
(ha)
Shire area in 
study area
(ha)
*Valley 
floor
coverage
(%) 
Valley floor 
area 
(ha)
+Current 
salinity 
coverage 
(%) 
Current
salinity 
area 
(ha)
Merredin (S) 329,244 329,370 99,980 28 27,442 2.4 2,387 
Mt Marshall (S) 1,017,968 444,185 31,619 27 8,703 0 0.25 
Mukinbudin (S) 342,831 278,300 256,520 37 94,621 0.6 1,635 
Nungarin (S) 116,284 116,100 99,392 46 45,417 12.8 12,718 
Trayning (S) 164,998 165,138 3,808 6 246 0.7 29 
Westonia (S) 331,799 306,800 304,390 20 61,141 0.9 2,732 
Yilgarn (S) 3,044,258 724,830 741,203 24 176,088 1.2 8,785 
Total 5,347,382 2,364,723 1,535,913 27 413,660 1.8 28,287 
(* 'Valley floors' were identified as AHAVF by the Land Monitor Project.) 
(+ 'Current salinity' was identified as AOCLP by the Land Monitor Project.) 
Table A2.2. Roads and towns currently affected by salinity in shires* in the Eastern Wheatbelt 
Local 
government 
area 
Road length 
(km)
Highway 
Road length 
(km)
Main
Road length 
(km)
Local 
Road length 
(km)
Total 
Built-up
area 
(ha)
Merredin (S) 0 0 56.0 56.0 168.8 
Mt Marshall (S) 0 0 18.2 18.2 41.2 
Mukinbudin (S) 0 0 0.5 0.5 0 
Nungarin (S) 0 1.3 22.2 23.5 9.2 
Trayning (S) 0 1.0 42.7 43.7 3.6 
Westonia (S) 2.6 0 15.8 18.4 22.2 
Yilgarn (S) 6.5 0 41.1 47.6 20.7 
Total 9.1 2.3 196.5 207.9 265.7 
(*Note: Due to the variable coverage of the Study area by the Land Monitor project these figures are given for 
the whole Shire and therefore include areas that fall outside the study area.) 
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A3. Groundwater hydrology resource data 
Rosemary Nott 
In excess of 230 piezometers have been installed across the Study area to monitor 
groundwater depth.  The Shires of Nungarin and Mukinbudin have both secured external 
funding to enable the installation of Shire-wide monitoring networks.  In the Mukinbudin 
Shire, approximately 105 shallow bores were installed in 2001 in the catchments of Datjoin, 
Wilgoyne, North Mukinbudin and Barballin.  Most of these bores were drilled to investigate 
valley floor watertable and potential lower catchment salinity risk.  No deep bores were drilled 
in this program, either in the valley floor or upper catchment.  A selection of deep bores was 
drilled in the Mukinbudin town as part of the Rural Towns Program during 2000.  Results of 
this program may be found in “Groundwater Study of the Mukinbudin Townsite" (Lewis 
2001).  Nungarin Shire has approximately 40 piezometers spread across the Shire with a 
selection of deep holes.   
The Shires of Westonia and Yilgarn have piezometers concentrated in the catchments of 
Skeleton Rocks (south east Yilgarn), Mt Hampton and Bodallin.  A Department of Agriculture 
drilling investigation was conducted in the Brennand’s sub-catchment of Skeleton Rocks in 
1986 (George and Frantom 1990).  This site has been maintained as a State monitoring site, 
providing 15 years of watertable data.  The Department of Agriculture has undertaken drilling 
programs (in 2000) and have installed a set of deep and shallow bores along the 
Mukinbudin-Bullfinch road and south through the Bodallin catchment to Mt Hampton.  Both 
Mt Hampton and Bodallin catchments have a selection of shallow LCDC bores which have 
been monitored since 1996. 
Nungarin 96NU22 
This is a 6 m deep bore installed in the valley floor during 1996.  HARTT analysis determined 
that groundwater was falling at 13.4 cm/yr.  There is a low level of data confidence (R2 = 31.4 
per cent) due to a limited data set.  This is indicative of valley floor piezometers subject to 
capillary rise and evapotranspiration.  Salinity threat is thus immediate due to a watertable 
within 2 metres m of the surface. 
Nungarin 96NU34i 
Nungarin No. 34 is a mid-catchment bore in the Shire of Nungarin, drilled to a depth of 29 m.  
Groundwater is rising at 9.8 cm/yr. This is typical of eastern wheatbelt trends for 
mid-catchment positions (McConnell 1998).  The trend appears to have been unaffected by 
the dry conditions of 2001 and 2002.   Based on the HARTT trend of groundwater rise, this 
site may be at risk of salinisation or waterlogging in future years. 
Mt Hampton 00NE26i 
This bore is located in the upper landscape of the Mt Hampton catchment.  It was drilled 
30 m into weathered granite regolith and has a watertable over 25 m deep.   HARTT analysis 
determined that the average rate of rise was 5.6 cm/yr despite an obvious fall in water level 
during the last six months.  Based on this analysis the likelihood of salinity in this area is 
minimal.  Soil EC is 569 mS/m and pH is 5.4. 
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Skeleton Rocks 87B09c 
87B09c is a lower catchment bore, drilled 15 m into gneissic or mafic regolith.  The rate of 
rise of this bore was 11.2 cm/yr, although like other bores has been influenced by dry 
conditions for the last two years.  Groundwater at this site is saline (EC = 4490 mS/m) and 
acidic with a pH of 3.6.  The risk of salinity occurring at this site is high as the watertable has 
been fluctuating over 1 m and the site is adjacent to a saline depression. 
Skeleton Rocks 87B04 
87B04 is located in a mid-landscape position of the Brennand's sub-catchment.  It is 16.5 m 
deep drilled to bedrock.  It is rising at 25.6 cm/yr and currently has a watertable between 
8 and 9 m below ground.  Groundwater at this site is more saline (EC = 5690 mS/m) and 
more acidic (pH = 3.2) than B09 in the lower landscape.  A series of dolerite dykes cross this 
catchment and compartmentalise groundwater causing this effect.  Salinity risk is likely within 
a timeframe of 25 years given the current rate of rise. 
Boodarockin 00NE06 
This bore is located in a mid-catchment position east of Warralakin in the Westonia Shire.  It 
was drilled 12 m to granite bedrock.  Monitoring commenced in the winter of 2000 and 
despite dry conditions in 2001 and 2002, this bore is indicating a rising groundwater trend of 
28.4 cm/yr.  Based on this rate of rise, and a current watertable depth of just over 9 m below 
ground, salinity development is likely in the next 25 years.  The EC of this bore is 4210 mS/m 
and the pH is 6.7.
Boodarockin 00NE02i and s
Deep and shallow bores are located in a lower catchment position east of Warralakin in the 
Westonia Shire.  These bores are 30 m and 8 m respectively drilled into a weathered granite 
profile.  Groundwater is 5.4 m and 4.2 m below ground and is falling at a rate of 35.8 cm/yr.  
As with 00NE06, monitoring commenced during winter 2000 and the area has experienced 
below average rainfall conditions for the last two years.  Given a normal rainfall year it is 
likely that this trend will reverse.  Salinity threat at this site is unpredictable given the 
abnormally dry conditions influencing the hydrograph.  Groundwater salinity is high at this 
site (EC-deep = 17,300 mS/m and EC-shallow = 6,440) and the pH is acidic (deep = 5.9 and 
shallow = 3.3). 
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Table A3.1. Depths to watertable, groundwater conductivity and pH for sample monitoring bores 
Bore Id Shire Landscapeposition 
Bore depth
(m)
Water level
(m)
Salinity 
(mS/m) pH
Mt Hampton       
93MH06s Yilgarn low < 5 -1.55 5,100  
00NE23d Yilgarn mid 32.8 -5.49 4,550 6.6 
00NE26i Yilgarn upper 30 -25.95 591 5.4 
Bodallin       
99NB04 Yilgarn low 5 -2.5   
98SB05 Yilgarn mid 15 -11.1   
00NE14d Yilgarn upper 30 -28.82 551  
Skeleton Rocks       
87B09b Yilgarn low 15 -1.1 5,450 2.9 
87B04 Yilgarn mid 17 -8.63 5,690 3.2 
87B01 Yilgarn upper 36.5 -27.25 607 4.9 
Boodarockin       
00NE02 Westonia low 30 -5.32 17,300 5.9 
00NE03 Westonia mid 15 -7.11 5,930 6 
00NE05 Westonia upper 30 -24.33 1,763 5.7 
Nungarin       
96NU22 Nungarin low 6.5 -1.7   
96NU24 Nungarin mid 13.5 -8.45 4,900 8.3 
96NU05 Nungarin upper 24 -22.9 2,800 4 
Mukinbudin Town       
00MK13d Mukinbudin mid 67 -12.72 6,620  
Datjoin       
01DJ04 Mukinbudin low 13 -2.7 4,120 5.97 
01DJ37i Mukinbudin mid 18 -13.72 4,430 4.77 
01DJ15.2 Mukinbudin upper-
perched 
? -5.54 280 9.03 
Wilgoyne       
01WG23 Mukinbudin low 5.5 -2.0 5,290 4.02 
01WG10 Mukinbudin mid 5 -3.37 2,260 7.4 
01WG15 Mukinbudin mid 5.5 -3.22 715 7.96 
North Mukinbudin       
01NM13 Mukinbudin low 5 -1.86 6,780  
01NM02 Mukinbudin mid 17 -12.36 3,870 4.15 
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A4. Surface water landscape description 
Ian Wardell-Johnson and Paul Galloway 
The factors that generate and move surface water vary within and between surface water 
landscape units.  These factors depend on surface characteristics (such as soil type, surface 
condition, soil moisture, slope, upslope contributions) and rainfall characteristics (such as 
intensity, duration and frequency of rainfall events). The prevailing land use strongly 
influences run-off generation, as cleared land generates run-off more frequently and in 
greater quantities than landscapes retaining natural vegetation.  
Surface water landscape units 
1.  The recharge areas unit on interfluves occupies approximately 9 per cent of the study 
area.  They are located on ridges and higher landscape areas where the gradient is less than 
1 per cent and sandy and gravelly soils are dominant.  Rain usually infiltrates these soils with 
run-off only occurring during intense storms.  This run-off usually occurs on soils with 
degraded and hard-set surfaces.  When run-off occurs it starts as sheet-flow near crests and 
concentrates into minor rills.  Surface features including sheep tracks, firebreaks and 
headlands further concentrate these rills.  The water continues to accumulate into defined 
depressions as it moves downslope. 
The shedding landscapes on interfluves occupy approximately 60 per cent of the study area 
(see Figure 2.9) and consist of the following surface water landscape units: 
? Rock outcrops and steep slopes. 
? Shedding crests. 
? Moderate slopes, and 
? Gentle mid-slopes. 
2.  The rock outcrop and steep slopes unit on interfluves contains shallow soils overlying 
fractured granitic basement and rock outcrops.  Water sheds off the rocks and infiltrates the 
gritty soils immediately adjacent to the rocks, often recharging watertables.  These units have 
steep gradients ranging between 7 to 16 per cent and occupy less than 1 per cent of the 
study area and occur mainly as are small and localised areas.  Good water-holding clay 
pockets are frequently found adjacent to rock outcrops.  These sites often have good dam 
site potential.  Water flowing over the surface of these steep slopes can reach high velocities 
that have high erosive potential. 
3.  The shedding crests unit on interfluves occupies 23 per cent of the study area.  It is 
dominated by shallow sandy duplexes with mallee-type vegetation on crests with slopes of 
less than 1 per cent.  It also includes small areas of shallow loamy duplexes with Salmon 
gums.  Run-off is more common in this dissected landscape than in recharge areas.  This is 
due to slower infiltration rates of loamy duplexes and lower water-holding capacity of sandy 
duplexes.  The run-off starts as sheet-flow near crests and concentrates into minor rills that 
quickly lead to well-defined depressions. 
4.  The moderate slopes unit on interfluves occupies only 2 per cent of the study area, but is 
important for surface water management.  These areas have slopes of between 2 and 6 per 
cent in upper catchment positions and have soils with high run-off potential.  The steeper 
slopes generate water velocities that are highly erosive.  This combination of soil-type and 
surface water velocity results in high erosion and soil removal rates, particularly in the form of 
incised depressions and gullies. 
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5.  The gentle mid-slopes unit on interfluves occupies 33 per cent of the study area and is 
the major unit within the shedding slopes.  The unit has gradients between 1 and 2 per cent, 
often with slopes several kilometres long.  Consequently, these areas are at risk of water 
erosion and waterlogging on lower slopes.   
The gentle mid-slopes unit is divided into two sub-units based on soil differences, which 
result in different run-off potential  -  high run-off and low run-off.  The high run-off gentle 
mid-slopes sub-unit has shallow loamy duplexes and sandy duplexes and occupies 17 per 
cent of the study area.  These areas also receive run-on from the upper sub-catchments.  
Locally generated sheet-flows migrate to defined depressions and ephemeral streams that 
originate in upslope surface-water landscape units. 
The low run-off gentle mid-slopes sub-unit with heavier-textured yellow sandplain occupies 
16 per cent of the study area and usually only generates run-off during larger rainfall events.  
Most run-off through this unit originates from further upslope. 
6.  The upper valley floors and lower slopes unit on footslopes occupies 9 per cent of the 
study area.  The gradient ranges between 0.5 and 1 per cent, which approximates the poorly 
defined boundary between the shedding slopes and the receiving valley floors.  It is very 
hard to accurately define such a ‘break of slope’ due to the smoothness of the landscape and 
site specific geomorphic variables.  This unit contains loamy and clayey soils that are subject 
to surface water flows originating from the shedding slopes described above.  Where 
obstructions to flow and depressions are encountered surface water accumulates.  
Significant potential for water erosion and waterlogging exists throughout the unit. 
7.  The broad valley floors and tributaries unit on valley floors occupies approximately 
21 per cent of the study area and receives surface water from the interfluves and 
footslopes described above.  This unit is dominated by heavy clays, loamy duplexes, saline 
soils and salt lakes and have Gimlet, Salmon gum and salt tolerant vegetation.  This unit has 
very low down-valley gradients, which range from 0.1 per cent (1:1,000) in the upper portions 
to 0.017 per cent (1:5,800) in the salt lake chains of Nungarin Shire.  Cross-valley gradients 
are usually less than 0.5 per cent.  The valleys have poorly defined and braided channels 
that overflow to become broad watercourses during large run-off events.  Flows are 
characterised by shallow depths and low velocities that facilitate deposition of soil 
transported from upper catchment areas. 
8.  The salt lake and clay pan unit on valley floors occupies 2 per cent of the study area in 
the lowest lying areas with little or no gradient.  They are water detention areas and are 
discharge areas where they contact the watertable. 
Minor unmapped discharge areas exist within the interfluves.  They commonly occur at the 
change of slope and higher in the landscape where watertables are within 1.5 metres of the 
surface.  These localised seeps can often be managed effectively as will be outlined under 
the groundwater management section later in this report. 
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A5. Water engineering options 
Ian Wardell-Johnson 
This appendix briefly describes surface water engineering options for conservation and water 
harvesting.  More detail describing the function, design criteria, construction standards and 
construction methods for these engineering options can be found in Keen (1998), the 
publications listed with each description and at the Department of Agriculture website pages:  
http://www.agric.wa.gov.au/environment/drainwise/tools.htm#Surface 
http://www.agric.wa.gov.au/environment/drainwise/index.htm 
Contour grade banks are mainly used to control water erosion on long slopes by 
intercepting overland flow at regular intervals.  In effect, they reduce peak overland flow by 
dividing the natural slope into a series of shorter slopes.  They then remove this water to a 
dam or stable waterway in a controlled manner.  The banks should have broad flat channels 
to promote non-turbulent water flow (see Department of Agriculture (2002a) for design 
criteria and best management).  
These banks should not be relied on for collecting water to dams, as they may not intercept 
subsoil clay, the channel will only run water infrequently and will not be reliable enough for 
filling dams.  Other earthworks should be used for reliably filling dams. 
The following website has recent description, design and construction information relevant to 
the Western Australian situation: 
http://www.agric.wa.gov.au/environment/drainwise/options/engineering/Gr_bnk.htm 
Diversion banks are specific larger grade banks used to collect and divert water from one 
part of a sub-catchment to another. 
The following website has recent description, design and construction information relevant to 
the Western Australian situation: 
http://www.agric.wa.gov.au/environment/drainwise/options/engineering/Div_bbks.htm 
Broad-based channels are wider variants of contour grade banks.  They perform well on 
long gentle slopes (up to about 6 per cent)..  Broad-based channels and their associated 
banks can be cropped and are designed to cope with high intensity storms with minimal 
damage.
Seepage interceptor drains are used to prevent or minimise waterlogging where subsoil 
clay is consistently found less than 50 centimetres below the surface.  They function by 
intercepting sub-surface water that sits on the relatively impermeable subsoil clays of duplex 
soil profiles.  Conventional seepage interceptor drains are likely to be the most effective 
method of controlling waterlogged areas in duplex soils in the study area.  Reverse bank 
seepage interceptors are less likely to be appropriate because the generally low slopes of 
the catchment limit their ability to remove water effectively.  However, they may be useful in 
specific areas (see Negus 1989a and b, for design and construction criteria). 
The following website has recent description, design and construction information relevant to 
the Western Australian situation: 
http://www.agric.wa.gov.au/environment/drainwise/options/engineering/seepge.htm 
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Dams or excavated earth tanks are constructed to store rainfall run-off for short or long 
periods.  They are commonly built in the middle part of the landscape (Keen 1998), but can 
often be sited higher in the catchment if sufficient enhanced catchment is constructed to 
improve the reliability of the water supply. 
http://www.agric.wa.gov.au/environment/drainwise/options/engineering/dams.htm 
Roaded catchments are formed, compacted, parallel ridges of earth made in a similar way 
to earth roads but with a steeper camber.  The surface is made as smooth and impervious as 
possible.  Well-maintained roaded catchments with well-compacted soil will consistently run 
water after about 8 mm of rain, compared to a natural catchment that may require up to 40 
mm before there is any steady run-off.  Intense rainfall will generate more run-off, however it 
will contain more sediment.  Such water shedding ability greatly extends the number of rains 
and the period of the year over which water is collected. 
The following website has recent description, design and construction information relevant to 
the Western Australian situation: 
http://www.agric.wa.gov.au/environment/drainwise/options/engineering/Rdd_cmnt.htm 
Absorption banks should only be used in very limited situations high in the landscape 
where no defined waterway exists.  They should only be considered in these limited 
situations because they are constructed on-the-level to hold water and are likely to cause 
recharge.  Absorption banks must have a safe discharge point, such as a level sill outlet or a 
piped outlet.  No standards exist for these structures so they must be designed by 
experienced personnel.  If they fail they can cause significant erosion damage. 
The following website has recent description, design and construction information relevant to 
the Western Australian situation: 
http://www.agric.wa.gov.au/environment/drainwise/options/engineering/Ab_bank.htm 
Shallow relief drains are used to remove surface water from flooded land in lower 
landscape areas.  They can be constructed with shallow trapezoidal, ‘V’, ’W’, or spoon 
(parabolic) cross-sectional shapes using a road grader.  The grade of the channel should be 
no more than 0.2 per cent.  They have relatively low maintenance requirements and are 
inexpensive to construct (see Department of Agriculture (2002b) for design criteria and best 
management). 
The following website has recent description, design and construction information relevant to 
the Western Australian situation: 
http://www.agric.wa.gov.au/environment/drainwise/options/engineering/Sh_relief.htm 
Deep drains are used to remove surface (open deep drains) and sub-surface water (open 
and leveed deep drains) from flooded land and areas with watertables at or near the surface.  
They have trapezoidal cross-sectional shapes with deeper channels than shallow relief 
drains (see Department of Agriculture (2002c and 2002d) for design criteria and best 
management).  Consequently, they are more expensive to construct and have greater 
maintenance requirements than shallow relief drains.  They should not be placed in or near 
creeklines because of the risk of damage during storm events and because they can obstruct 
surface flows.  Consideration should also be given to placement to enable easy farm access. 
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In many cases, deep drains intercept highly saline and acidic groundwater. Therefore, an 
appropriate disposal point must be identified prior to construction.  Where a suitable natural 
disposal point is not available, a man-made evaporation basin to confine the discharge 
material can be constructed. 
The following website has recent description, design and construction information relevant to 
the Western Australian situation: 
http://www.agric.wa.gov.au/environment/drainwise/options/engineering/deep_drains.htm
Detention basins are natural or constructed depressions that hold and store water to 
moderate or restrict surface flows.  They most commonly include evaporation basins and 
ponds and are generally constructed in the lowest landscape positions (Keen 1998). 
Waterways should be managed differently to the rest of the paddock and property.  Three 
types of waterways are considered below; Natural waterways with native vegetation 
remaining, Natural waterways cleared of native vegetation, and Human constructed grassed 
waterways.
Any naturally vegetated waterway should be fenced to exclude stock and maintain the 
original suite of native vegetation, including trees, shrubs and grasses.  Natural waterways 
cleared of native vegetation should be fenced to promote dense grass-cover and control 
grazing.  Trees should be excluded from the waterway channel, but revegetation using a 
variety of trees is encouraged on land surrounding the grassed waterway.  A designed and 
constructed grassed waterway should only be vegetated with grassy groundcover (not trees) 
and must be fenced.  Controlled grazing should occur to maximise productive potential of the 
area as well as and reduce the fire hazard (see Department of Agriculture (2002e) for design 
criteria and best management). 
The following website has recent description, design and construction information relevant to 
the Western Australian situation: 
http://www.agric.wa.gov.au/environment/drainwise/options/engineering/levees.htm 
Landcare regulations 
Common and Statute Law -  The are certain legal aspects under Common and Statute Law 
that must be satisfied before any conservation works proposal is implemented: 
Common Law aspects relate to changing the characteristics of water flowing from one 
property to another.  Diversion of flows, increasing flow velocities or increasing quantity of 
flow could cause damage to neighbouring properties for which the drainage proponent may 
be responsible. 
Statutory Law aspects include responsibility for degradation threat or degradation created.  
There are statutory requirements when saline ground water is to be intercepted; therefore, 
the Western Australian Commissioner of Soil and Land Conservation has to be notified of 
any planned works (Clement et al. 2001). 
The following website has an overview of legal rights and responsibilities relevant to the 
Western Australian situation: 
http://www.agric.wa.gov.au/environment/drainwise/legal/index.htm 
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A6. Contacts 
The most important source of up to date agricultural resource management information is: 
www.agric.wa.gov.au
Natural resource management information can also be found at: 
www.avonicm.org.au 
Table A6.1. Contacts list 
The Department of Agriculture team responsible for implementing the RCA process and this 
report comprised: 
Area Contact name Contact details 
Soils Paul Galloway Department of Agriculture Narrogin 
Phone: (08) 9881 0227 
Fax: (08) 9881 1950 
E-mail: pgalloway@agric.wa.gov.au  
Hydrology Rosemary Nott Department of Agriculture Merredin  
Phone: (08) 9081 3131 
Fax: (08) 9041 1138  
E-mail: rnott@agric.wa.gov.au 
Farming systems Keith N. Ohlsen Department of Agriculture Katanning  
Formerly Department of Agriculture Merredin 
Phone: (08) 9821 3214 
Fax: (08) 9821 3334  
E-mail: kohlsen@agric.wa.gov.au  
Catchment mapping Sharam Sharafi Department of Agriculture Merredin  
Phone: (08) 9081 3156 
Fax: (08) 9041 1138 
E-mail: ssharafi@agric.wa.gov.au 
Surface water management Ian Wardell-Johnson Department of Agriculture Narrogin  
Phone: (08) 9881 0203 
Fax: (08) 9881 1950 
E-mail: iwardelljohnson@agric.wa.gov.au 
